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SPECTROPHOTOMETER 


Mains-operated Model PMQ II 


For precise measurements from 200 my in the ultraviolet to 1000 mp im the near infrared 
region with high spectral resolution. Write for illustrated literature. 


Sole Agents 


ADAIR, DUTT & CO. (India) Private LTD. 


CALCUTTA MADRAS SECUNDERABAD BOMBAY NEW DELHI 


Upper Third 
4 “Made by Carl Zeiss, Oberkochen, Germany. 


Gallen 


Molecular Weights Way 


Designed in co-operation with Mr. C. Heitler of Northampton College 
‘ of Advanced Technology (London) 
Determinations in 10 minutes Borosilicate giass parts 
@ Accuracy 1% with 0:2 g. samples @ Additional Equipment not required 


Rapidly reaches equilibrium 
(<3 minutes) Simple to use 


high sensitivity in time gained 


Manufactured by 
A. GALLENKAMP & CO. LTD., London, England 
Accredited Agents 
MARTIN & HARRIS (Private) LimiteD 
(SCIENTIFIC DEPARTMENT) 
Savoy Chambers, Wallace _ Bombay-1 
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* The most COMPLETE 
Microscope so far 
made 


* Ideal for QUALITY 
PRECISION 
& VARIETY 


WILD M 20 


Sole Agents: 


RAJ-DER-KAR & co. 


COMMISSARIATE BUILDING, HORNBY ROAD 
BOMBAY.-1 


Telephone: 26-2304 Telegram : TECHLAB 


The M 20 Microscope with few of its attachments. 
Fig. 1: With Micro Camera and Binocular Tube; Our Sub-Agents: 


Fig. 2: Equipped as Phase Contrast Microscope ; 
Fig. 3: With Six-Hole Nosepiece ; Filter Exchanger, VULCAN TRADING Co., (P) LTD. H | 
etc. ; 38-C Mount Read | 


Fig. 4: Built-in Illuminator for Kohler Illumination. MADRAS-6 
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FOR RESEARCH & INDUSTRY 


WE MANUFACTURE 


STAINLESS STEEL 
FABRICATIONS | 
GAS PLANTS INCLUDING | 
BURNERS TANKS, PRESSURE VESSELS | 


JACKETED KETTLES, PANS 
DISTILLATION STILLS— 


FOR USE IN INDUSTRY, ATORY, 
DUSTRY, LABORATOR VACUUM & STEAM, SINKS, 


KITCHENS, ALL, TYPES OF SCIENTIFIC 
EQUIPMENTS INCLUDING LEAD CASILES, MEK CANS, 
EQUIPMENT FOR HANDLING RADIO- Etc, Etc. 
ACTIVE ISOTOPES, WATER-BATHS, : 
STILLS, SHAKERS Etc. 


Enquiries Solicited: 


GANSONS (PRIVATE) LIMITED 


P.O. BOX 5576 BOMBAY 14 


SP/GAN# 


Available from 
READY STOCK 


THERMOCOUPLES 


* RARE & BASE METAL * ANGLE TYPE 
FOR SALT BATH FURNACE 


PYROMETERS 


* SURFACE PATTERN * WALL PATTERN 
* BENCH MODEL * OPTICAL 


INDICATORS & 
COMPENSATING CABLES 


| 


For further details please contact : 


LABORATORY FURNISHERS 


DHUN MANSION, VINCENT ROAD, DADAR, BOMBAY 14 
PHONE: 62761 
Branch: AHMEDABAD 
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A SYMBOL OF QUALITY & SERVICE 
Proudly introduce 

CAHN—WORLD’S FOREMOST ELECTRO-BALANCE 

with RANGE-SELECTOR & REMOTE-WEIGHING devices 


6 RANGES: FROM O TO 100 mc. 
MICROGRAM PRECISION AND ACCURACY 
SIMPLE TO OPERATE ON DRY-BATTERY 6 VOLTS 


CONE SECOND READINGS —UNHINDERED OPERATION 


By CAHN INSTRUMENT COMPANY (U.S.A.) 
Exclusively Represented by: 


CRAFTSMAN, BOMBAY-10 


"“VISOCARD"-—50CO gm. wt. 


WORLD'S SMALLEST, LIGHTEST ELECTRO- 
CARDIOGRAPH 


(Portable in Briefcase) 


also “VISOCARD" 1-2-3 Channels ECGs 


FOR BALLISTO, VECTOR, PULSE, HEART-TONE 
TESTS (CHEAPEST PRICES) 


By: ING. WOLFGANG von KARAJAN (Austria) * VISOCARD—S000" 
SOLE AGENTS: CRAFTSMAN, BOMBAY-10 | 


Si 
“ISOMANTLES” HEATING-ELEMENTS 


ACCURATE CONVENIENT ELECTRICAL HEATING 
FOR LABORATORIES AND PILOT-PLANTS 
5 ml. to 200 litres; Temperatures upto 930° F. 


A TYPE FOR EVERY SPECIAL NEED 
(CHEAPEST PRICES) 


By ISOPAD LTD. (England) 
Authorized Agents: 
CRAFTSMAN, BOMBAY-10 


ASK FOR DETAILED INDEX: 


CRAFTSMAN ELECTRONIC CORPN. crivate) LTD. 


SETHNA HALL, NESBIT ROAD, MAZAGAON, BOMBAY 10 
Phone : 42346 
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SCIENTIFIC RESEARCH 
AND 


‘PRODUCTION CONTROL 
EQUIPMENT 


Engineered & Built by 


PRECISION SCIENTIFIC CO. 
CHICAGO, U.S.A. 


Utility Oven 
Precision Freas Constant Temperature 


Ovens and Incubators, 
Precision Thelco Ovens & Incubators, 
High Speed Centrifuges, 

Laboratory Gas Burners, 
Precision Warburg Manometricon, 
Cement and Soil Testing Equipment, 
Gas Colorimeter and Wet Test Meter, 
Petrolium Testing Apparatus, 


Precision Metallurgical Equipment. 


Precision Utility Purpose Constant 
Temperature Wa‘er-Baths 


Please write to Exclusive Representatives 


GORDHANDAS DESAI PRIVATE LTD. 


PHEROZSHAH MEHTA ROAD, BOMBAY 1 


Branches: 
P-7, MISSION ROW EXTENSION 4/2-B, ASAF ALI ROAD 22, LINGHI CHETTY STREET 
CALCUTTA 1 NEW DELHI MADRAS 1 
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WHATMAN 


@ excellent retention with 
rapid filtration 


@ high softening point — 


@ outstanding chemical 
resistance 


These brilliant white, exceptionally 
strong papers are composed entirely 
of glass micro fibres with no added 
binding materials. Their excellent 
retention properties make them par- 
ticularly useful for filtering very 
fine precipitates and semi-colloidal 
substances through a coarse porosity 
crucible. The filtration rate is very 


now 


available 


Glass 
Fibre 
Papers 


rapid, and there isnorisk of blocking. 
The papers are also recommend- 


ed for routine filtration through 


Buchner and Hirsch funnels, and 
for certain applications in Chro- 
matography and Electrophoresis. 
Although in the latter techniques 
they do not replace conventional 
Whatman papers, the intrinsic pro- 
perties of Glass Fibre Papers can be 


utilised effectively for investigating 


non-aqueous systems, organic mix- 
tures of protein origin and several 
other substances. 

Please write for technical literature. 


H. REEVE ANGEL & CO LTD 
9 BRIDEWELL PLACE LONDON EC4 
also at 52 DUANE STREET NEW YORK 7 
sole distributors of 


WHATMAN FILTER PAPERS 


(manufacturers W. & R. Balston Ltd) 
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Fabricaied completely of special type of asbestos sheet on angle iron frame and 
designed to give efficient gravity air circulation. The inner chamber is provided with 
two removable wire-netting shelves and three runners so that the shelf-spacing can be 
adjusted according to necessiiy. Temperature in the working space is automatically 
maintained at any desired value within the working range, affer the thermoregulator is 
once set manually by observing a pilot lamp. Fine temperature control can be 
obtained with the help of the adjustable hot air vent provided at the top. Suitably 
placed long-life heating elements permit easy replacements when required. A hole is 
provided at the top for insertion of a thermometer. The Oven is supplied with cord 
and plug, but without Thermomster. 


For specification & Price, please write to: 


THE SCIENTIFIC INSTRUMENT COMPANY LTD. 


240, Dr. DADABHAI NAOROJI ROAD 6, TEJ BAHADUR SAPRU ROAD 
BOMBAY-1 ALLAHABAD-1 
11, ESPLANADE EAST 
30, MOUNT ROAD CALCUTTA-1 B-7, AJMERI GATE EXTENSION 
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THE NEW | 
ZEISS sPeEcTRUM PROJECTOR 


AN INDISPENSABLE AID FOR RAPID SCANNING OF SPECTROGRAMS 
FOR QUALITATIVE AND SEMI-QUANTITATIVE EMISSION ANALYSES 
AND FOR EVALUATION OF ABSORPTION SPECTROGRAMS 


ves CARL ZEISS sena 


SOLE AGENTS 


GORDHANDAS DESAI PRIVATE LTD. 


SIR PHEROZSHAH MEHTA ROAD, BOMBAY! 


Branches at: 
P-7, MISSION ROW EXTENSION 4/2B, ASAF AL! ROAD 22, LINGHI CHETTY STREET 
CALCUTTA 1 NEW DELHI 
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FRIESEKE & HOEPFNER 


(GERMANY) 


RADIATION MEASURING 
AND 
DETECTING INSTRUMENTS AND ACCESSORIES 
FOR 


MEDICAL, LABORATORY AND INDUSTRIAL APPLICATIONS 


A complete range of instruments for the measurement of X and Nuclear 
Radiations, which have always satisfied the exacting demands of industrial 
and scientific applications, are now available 


COMBINED SCALER & RATEMETER FH 49 


May be used for Geiger, proportional and 
scintillation counting. 


Adjustable input sensitivity; Electron beam 
decade counting sysiem. Preset count, preset 
time and mannual operation; char! type recorder 
and printing timer, automatic sample changer, etc., 
are available as accessories. 


ELECTRONIC SCALER FH 99 


For Geiger Muller proportional and_ scintillation 
counting. 


Full are for these and Automatic Chromatogram 
Scanner, Measuring Bridge for Radio-activity, Electrometer, Scintillation 
Counter, Standard Source of Radiation, Radiameter, etc 


From 
Sole Agents in India: 


TOSHNIWAL BROTHERS PRIVATE LTD. 


198, JAMSHEDJI TATA ROAD, FORT, BOMBAY 1 


Branches: 
4-B4 NEA, ws 172, DHARAMTOLLA STREET ROUND TANA, MOUNT ROAD 
NEW DELHI 5 CALCUTTA 13 MADRAS 2 
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PANJAB UNIVERSITY 


WANTED 


Lecturer in Physiology and Pharmacology. 


Grade: 250-20-450-EB-25-650 plus allowances as admissible 
under the University Rules. 


Qualifications : M.B.B.S. or M. Pharm. with three years teaching 
experience of M.B.B.S. or B. Pharm. classin Physiology or Pharmacology. 
Post-Graduate Training in Physiology and Pharmacology and research 
experience in these subjects will be considered additional qualifications. 


Applications stating age, academic qualifications and experience 
with attested copies of University certificates and testimonials, published 
books or papers should reach Shri J. R. Agnihotri, Registrar, P.U., 


Chandigarh, by November 15, 1958. 


HINDI EDITION 1957 
A Government of India Publication 


Containing over 100 maps and printed 
in full colours on 26 separate plates, 
this Atlas depicts all available and 
about India. 


Explanatory notes and legends and 
reference map with place -names in 
English make this Atlas intelligible to 
English-knowing readers also. 


Available from authorised 
book-sellers, Map Sales Agents or 
DIRECTOR 
SENATE HOUSE, CALCUTTA-i2 
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SCIENCE IN EASTERN EUROPE: I 
Sm C. V. RAMAN 


ADY RAMAN and myself left for Europe 
by the s.s. “ASIA” which sailed from 
Bombay on the 9th of May this year and 
docked at Genoa in Italy on the morning 
of the 23rd of the same month. We were 
in Europe for nine weeks and took the same 
steamer back to India, leaving Genoa on the 
30th of July and reaching Bombay early 
morning on the 13th of August. We tra- 
velled by rail, stopping off at various places 
for a shorter or longer period as we thought 
fit. The tour gave us a wonderful opportu- 
nity of seeing the countries through which 
we passed and of obtaining some knowledge 
of their condition and activities at the pre- 
sent time. This article records some of my 
personal impressions and it is hoped that it 
may be of interest to readers of Current 
Science. 
The countries we had arranged to visit 
were in Eastern Europe, but our journey to 
them took us through Italy and Austria. 
Proceeding from Genoa to Milan, a brief stop 
was made at the latter city where we visited 
the Science Museum recently set up by the 
civic authorities, in which a remarkable ex- 
position of the pioneer investigations of 
leonardo Da Vinci is a noteworthy feature. 
Travelling from Milan through Verona and 
the Brenner pass, we reached Innsbruck in 
Austria where we made an overnight stop. 
We found Innsbruck to be a town of great 
charm set in Alpine surroundings of impres- 
sive grandeur, and we were thereby con- 
frmed in our resolution to return to it for a 
linger stop during our return journey. The 
tilway took us across Austria from Inns- 
bruck to Linz via Salzburg, through a region 
# mountains, lakes and valleys of entranc- 
ing beauty. At Linz we made an overnight 
sop, and left next morning for Prague 
which we reached on the afternoon of the 
Mth of May. 


2. PRAGUE 


A feature that impressed us during the 
journey through Czechoslovakia was. the 
meticulous attention given to agriculture, 
not an acre of land, so far as we could see, 
escaping the attention of the cultivator. It 
was also obvious that we were passing 
through a highly industrialised country. It 
did not therefore surprise us to discover 
when we arrived at Prague that Czechoslo- 
vakia pays much attention to advanced 
studies in science and technology and that 
research is assiduously pursued. 


The Czechoslovakian Academy of Sciences 
played the host to us at Prague. The Aca- 
demy had placed a young spectroscopist— 
Dr. Josef Pliva—on special duty to take me 
around and he carried out the assignment 
with energy and enthusiasm. Indeed, the 
five days of our stay at Prague were crowded 
with activity. Formal receptions, social 
engagements, visits to the Research Insti- 
tutes of the Academy and to the Labora- 
tories of the Technical University and ex- 
cursions to places of interest around Prague 
filled up most of the time. I also delivered 
two lectures at the Physical Institute of the 
Charles University, the first on “The Specific 
Heats of Crystals”, and the second on “The 
Physics of the Diamond”. 


.It is not possible here to summarise all 
that I saw of the scientific life of Czecho- 
slovakia or even to mention the many dis- 
tinguished men of science with whom I 
conversed and discussed scientific problems 
during my stay at Prague. The barest re- 
ference to a few items must suffice. I was 
highly impressed by my visit to the un- 
pretentious laboratory of Professor Jaroslav 
Heyrovsky, famous as the founder of the 
polarographic method in physical chemistry. 
He received me most cordially and expound- 


| 
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ed for my benefit the basic principles of the 
subject. 

At the Institute of Technical Physics of 
the Academy, I saw much of interest, a 
notable item being the preparation of a rod 
of pure silicon which was in progress. During 
my visit to the Technical University, I was 
much struck by the excellence of the minera- 
logical museum which I saw on one of its 
floors. The museum was a wonderful col- 
lection of beautiful specimens from all parts 
of the world arranged and exhibited in a 


FIG. I, Professor Heyrovsky in the garden of the Polarographic Institute. 


remarkably perfect fashion. Finally, I 
should mention my visit to the Institute for 
Research in Minerals situated in Tournov 
about seventy kilometres from Prague. The 
journey was made by motor through a 
beautiful landscape known locally as the 
Czech Paradise. I found that an important 
section of the Institute was devoted to the 
synthetic production on a large scale of 
crystals required for the electrical and other 
industries: There was also a section devoted 
to the cutting of quartz and the fabrication 


of optical instruments made from quartz. A 
‘demonstration was given to me of the per- 
formance of the so-called birefringent filte 
made of quartz plates which finds applica. 
tion in astronomy. | 


3. Moscow AND LENINGRAD 


We were at Moscow from the 4th to th 
7th of June, and again from the 11th to the 
14th of the month, the interval of three day; 
from the 8th to the 10th being taken up by 
a brief visit to Leningrad. The time thy 


devoted to these two great centres of scien- 
tific activity was, of course, much too shor 
to enable them to be adequately explored 
Even what I saw was sufficient, however, t 
impress upon me the vast scale on whit 
scientific advance is encouraged and sup 
ported by the U.S.S.R. 

The Institute for Physical Problem 
directed by Academician Peter Kapitza wa 
the very first to be visited by me. Tha 
Institute specializes in the production of low 


temperatures and the study of the physic 
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properties of matter at such temperatures. 
I utilized the facilities available in it for 
making some preliminary studies on the 
luminescence spectrum of diamond held at 
liquid helium temperature. A highly inter- 
esting forenoon was spent at the Institute of 
Crystallography where I was welcomed with 
special enthusiasm by Academician Belov 
and his collaborators. A striking exhibit had 
been there arranged for my benefit of mov- 
ing films exhibiting the growth of crystals 
as well as the order-disorder phenomena 
observed in them. During my return visit 
to Moscow, I delivered a lecture at the 
Institute of Prof. Kapitza on “The Thermal 
Energy of Crystals”. On the 12th of June, 
I was officially received by President 
Nesmeyanov and his staff at the adminis- 
trative offices of the U.S.S.R. Academy of 
Sciences. The next evening, at his invita- 
tion, I delivered in the conference room of 
the Academy a lecture on “The Dextro and 
Levo Forms of the Carbon Atom”, standing 
beside a gigantic portrait in oils of the great 
Russian chemist, Mendeijeff. The Lebedev 
Institute of Physics directed by Professor 
Skobeltcyn and the grandiose building of 
the University of Moscow and its Institute 
of Physics were also visited. 


One day of my brief visit to Leningrad 
was utilized for a call at the Institute of 
Semi-conductors directed by the celebrated 
Russian physicist, Academician Joffe. I was 
there shown the thermoelectric batteries and 
the thermoelectric refrigerators which had 
been developed in the Institute as practical 
applications of thermoelectricity. On another 
day, the well-known observatory at Pulkovo 
near Leningrad directed by Academician 
Mikhailov was visited. The observatory 
which had almost been completely destroyed 
during the war had been reconstructed and 
is functioning once again. During my tour 
of the observatory buildings, I was shown 
anew type of coronograph which had been 
developed at the observatory. It was evi- 
dent from what I saw at Pulkovo and else- 
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where that great advances in optical tech- 
nology had been made in the U.S.S.R. and 
that in the production of optical instruments 
such as spectrographs, gratings, large mir- 
rors and lenses, the U.S.S.R. is now com- 
pletely self-sufficient. 

4. 

We were at Kiev from the 15th to the 
18th of June. This city, the capital of the 
Ukraine, is beautifully situated on an ele- 
vation overlooking the river Dneiper. It has 
been almost completely reconstructed after 
the war and but little evidence remains of 
the destruction caused by the latter. Civic 
pride is manifest in the tidiness of the roads 
and the beautifully kept boulevards and 
gardens. 

Though our visit to Kiev was very brief, 
it was full of interest. The Ukraine has its 
own Academy of Sciences. At some little 
distance from the city a new Institute of 
Physics has been built and equipped which 
is devoted for the most part to nuclear 
studies. I was very warmly received by its 
Director, Academician Pasechnik and his 
colleagues and went round the laboratories. 
In the auditorium of the Institute which was 
filled to capacity, I gave a lecture on the 
theory of the atomic vibrations in crystals. 
On the afternoon of the same day, I deli- 
vered a semi-popular address in the hall of 
the University of Kiev describing the results 
of the Bangalore investigations on iridescent 
minerals. The various departments of the 
University were visited later the same 
evening. The next morning, I went round 
the Institute of Metals conducted by the 
Academy and was greatly impressed by the 
wide range of the problems being investi- 
gated by its staff. Here, again, I gave a 
lecture on “The Diffraction of X-Rays by 
Diamond”. In the afternoon, I visited the 
Institute of Physical Chemistry of the 
Ukrainian Academy of Sciences and had a 
long conference with Academician Brodsky 
and his colleagues in which problems of 
common interest to us were discussed. 
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. 5. BUDAPEST 

Many years ago, before the war, I had 
been at Budapest for a fortnight. Seeing 
it again, it was evident that the scars left 
by war had not all been effaced. Neverthe- 
less, Budapest was beautiful as ever, stand- 
ing as it does astride the Danube and with 
the hills overlooking it. We were very 
happy to be able to devote ten days for our 
visit to Hungary. The Magyars—as they 
call themselves—are a gifted people fully 
capable of rising to great heights of achieve- 
ment in all the realms of knowledge. 
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outline of the activities currently in pro- 
gress under the auspices of the Academy and 
at the different universities in Hungary. An 
outstanding recent development has been the 
establishment of a Central Physical Research 
Institute—with ten departments—under the 
auspices of the Academy with Prof. L. 
Janossy as Director. Prof. Janossy was 
away in China on a lecturing tour when [ 
arrived at Budapest. Fortunately, however, 
he returned in time to be able to take an 
active part in a meeting of the Hungarian 
Physical Society held on the 27th June. One 


. 


Fic. 2. Tihany and Lake Balaton. 


The Hungarian Academy of Sciences 
played the host to us and we had a wonder- 
fully interesting time. A young spectro- 
scopist, Dr. Laszlo Szalay, Lecturer in Phy- 
sics in the University of Szeged, was on 
special duty to look after us and make all 
the necessary arrangements. Dr. Szalay had 
prepared for my perusal a highly informa- 
tive account giving us a complete picture of 
the state of physics in Hungary and a brief 


of the items on the programme of this meet- 
ing was a lecture by me on “Physical 
Research in India’. I spoke in English and 
Prof. Janossy gave a fluent running trans- 
lation of my speech into Hungarian. Besides 
this lecture, I gave a systematic course of 
three lectures on “The Physics of Crystals” 
under the auspices of the Hungarian Physi- 
cal Society. These lectures were attended by 
a large and distinguished audience and every 
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lecture was followed by a vigorous discus- 
sion. The rest of my time was fruitfully 
spent in visits to the Central Physicai 
Research Institute referred to above and to 
the various other laboratories in Budapest 
including especially that directed by Prof. Z. 
Gyulai—the doyen of Hungarian physicists— 
which concerned itself with crystal physics 
and the Research Laboratory of the Tungsten 
Lamp Industry directed by Dr. G. Szigeti. 
I witnessed fascinating demonstrations of 
the work in progress in both of these Insti- 
tutes. 

Limitations of space prevent my giving a 
fuller account of the scientific activities in 
Hungary which I witnessed and referring w 
the other distinguished men of science whom 
I was privileged to meet and discuss scien- 
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tific problems with. This account of my 
sojourn in Hungary would however be in- 
complete if I do not at least mention the 
Lake of Balaton and Tihany where we 
stayed on Sunday, the 21st of June—a lovely 
beauty spot as can be seen from the picture 
reproduced. The day before we left for 
Rumania, Dr. Szalay took us on a motor ride 
across Hungary to visit his own University 
of Szeged. The physicists of the University 
were mostly away attending the meetings at 
Budapest. But we had the pleasure of visit- 
ing Dr. Szalay’s own home and of a short 
conference with the theoretical physicist, 
Dr. Janos Horvath on subjects of common 
interest to us. 
(To be continued) 


GOLDEN JUBILEE OF THE INDIAN INSTITUTE OF SCIENCE, BANGALORE 


Indian Institute of Science at Bangalore 
owes its origin to the munificence of the 
laa Mr. J. N. Tata and his sons. The estab- 
lishment of the Institute in 1909 was a notable 
event in the history of the development of 
facilities for advanced scientific studies and 
research in the country. The Government of 
Mysore and the Government of India have 
throughout been identified with the growth and 
development of the Institute. Its activities be- 
gan with the Departments of Chemistry and of 
Electrical Technology. Sir C. V. Raman, the 
first Indian Director of the Institute, started the 
Department of Physics in 1933. His connection 
with the Institute for 15 years, till 1948, will 
long be remembered. 

Since independence, with the Prime Minisier’s 
well-known enthusiasm for scientific advance- 
ment, and with the realisation of the important 
role of science in the country’s industrial and 
engineering developments, the Union Govern- 
ment have been taking a keen interest and the 
inereased grants given by it have led to a rapid 
expansion of the activities of the Institute. There 
ae now 17 departments, each having its well- 
equipped laboratories and a highly qualified 
staff. There are 150 members on the staff and 
the number of students is about 400. Under the 


various programmes sponsored by the Ministry 
of Education, such as Technical Co-operation 
Mission, Colombo Plan, etc., the Institute gets 
the advantage of visiting professors and re- 
search workers from abroad. In addition to 
research and advanced training in all the 
departments, many of them have post-graduate 
teaching courses leading to degrees like B.Sc. 
in Aeronautical Engineering, B.Sc. in Metallurgy, 
B.E. and M.E. The Institute confers also research 
degrees, viz., M.Sc., Ph.D. and D.Sc. 

Since the Institute was established in 1909, 
it is proposed to hold the Golden Jubilee of the 
Institute in February 1959. The whole of 1959 
will be the Golden Jubilee Year of the Institute. 
The President of India, who is the Visitor of 
the Institute, has graciously consented to in- 
augurate the Golden Jubilee Celebrations early 
in February 1959. Throughout the year there 
will be a number of symposia on various topics 
of scientific and engineering interest. It is pro- 
posed to bring forth a number of publications 
and to organise an Exhibition during the year. 
We look forward to an era of vigorous develop- 
ment of the Institute under the leadership of 
its present Director who has a rich background 
of experience, alike in the fields of scientifie 
research and of educational administration. 
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INFORMATION THEORY AND SOME OF ITS APPLICATIONS 


B. S. RAMAKRISHNA 


Department of Electrical Communication Engineering, 
Indian Institute of Science, Bangalore 


INTRODUCTION 


is difficult to trace the precise origins of 

many scientific theories. With information 
theory, sometimes called communication theory, 
one need not go back farther than the twenties 
when Nyquist and Hartley tried to develop a 
quantitative measure of information to assess 
the capacities of telecommunication systems. It 
is only during the last decade or so, however, 
that a theory of information has been deve- 
loped and-its concepts have found widespread 
use outside telecommunication engineering. 
Norbert Wiener, to whom the basic philosophy 
of modern information theory is due, was the 
first to recognize the universal character of the 
communication problem encountered not only 
in telecommunication systems but also in liv- 


ing beings and social organizations. We read in 


his book on Cybernetics a panoramic descrip- 
tion of the growth of these ideas against the 
background of the problems of the last war. A 
little later, in 1948, Claude E. Shannon of the 
Bell Telephone Laboratories published his clas. 


telecommunication engineering before their use 
in other fields is considered. We shall lean 
heavily on Shannon’s work in introducing the 
current notions of communication theory. 


ANATOMY OF TELECOMMUNICATION SYSTEMS 

In the interests of a general theory of com- 
munication we must abstract from the wide 
variety of communication systems the essential 
features which they all have in common. Every 
communication system is primarily a device for 
transmitting messages from their sources to 
their destinations. These messages may be 
spoken words with an acoustic pressure-time 
pattern as in telephone conversation, written 
characters as in telegraphy or the colour and 
intensity patterns of light from an object being 
televised or any other set of symbolic patterns. 
They may even be numerical data relating to 
some physical quantity such as temperature or 
density under observation. A very successful 
model of a general communication system, due 
to Shannon, may be represented schematically 
by the block diagram of Fig. 1. 


(FORMATION 
source MESSAGE TRANSMITTED RECEIVED 
SIGNAL SIGNAL 
NOISE 
source 
Fic. 1. 


sic papers on the mathematical theory of com- 
munication. Although Shannon was concerned 
in his work primarily with the telecommuni- 
cation porblem, the mathematical model he set 
up for a communication system has been found 
to be useful in many different disciplines and 
the concepts of communication theory have 
penetrated into fields as far away as linguis- 
tics, psychology, neurophysiology and others. 
Today, ten years later, the domain of infor- 
mation theory extends far beyond telecommu- 
nication engineering and some of its most in- 
teresting problems lie just on the boundaries 
of telecommunication and other sciences. 
Nevertheless, in an expository account it is 


desirable to develop the fundamental concepts 


of information theory within the confines of 


Operationally, we may characterise the dif- 
ferent elements in this system as follows: 
Ignoring all questions concerning the motiva- 
tion of the messages, we may regard the func- 
tion of the information source is to generate 
sequences of symbols or patterns which con- 
stitute the messages. We shall first deal with 
discrete sources which use only a discrete set 
of symbols like the letters of the alphabet and 
then take up continuous sources which produce 
continuously variable patterns like those of the 
speech-waves. The messages ordinarily used iD 
practice convey a meaning because of the fact 
that the symbols used, i.e., the written words, 
spoken sounds, etc., are associated with certaid 
concepts, but we must here make a distinction 
between the significant, the symbol and th 
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signifie, the entity which is symbolized. In the 
development of the telecommunication theory, 
the semantic aspects of the messages were set 
aside as the engineering of communication sys- 
tems does not depend upon the meaning of the 
messages and much less upon their motivation. 
We should thus look upon messages which com- 
munication systems handle as an ensemble of 
sequences of symbols. It is the statistical 
rather than the semantical aspects of the mes- 
sages that concern us. We are thus led to re- 
gard an information source as a stochastic or 
a Markoff process generating its messages sym- 
bol after symbol. 

‘In electrical communication the original mes- 
sage symbols are frequently converted into a 
different set of symbols more suitable for trans- 
mission over the communication medium or 
channel. In telegraphy the letters of the mes- 
sage are converted into the sequence of dots 
and dashes for signalling according to the Morse 
code; in telephony the acoustic wave is con- 
verted into the corresponding electrical signal. 
In the above representation the transmitter 
which may involve a human operator thus per- 
forms the operation of producing the sequence 
of signal symbols at its output from the mes- 
sage symbols fed to its input. Functionally, 
the transmitter is an operator which maps the 
message space on the signal space. 

The intervening medium between the trans- 
mitter and the receiver is called the channel. 
The channel may be susceptible to noise in 
which case the signal reaching the receiver dif- 
fers from the transmitted signal. The noise, 
like the message, may be regarded as the out- 
put of a stochastic or a Markoff process. For 
instance, the noise in a pair of telephone wires 
may be due to cross-talk from an adjacent 
pair. 
therrnal motions of the electrons in the circuit 
elements. In any event, the effect of noise is 
to alter the signal in an unpredictable manner 
except in a statistical sense. It will be seen 
that the ability of a channel to transmit mes- 
Sages depends upon the band of frequencies it 
can transmit (the bandwidth of the channel) 
and the level of the signal relative to that of 
the noise. 

* The function of the receiver is to reconstruct 
the original message from the received signa! 
and hence it may be thought of as an inverse 
Operator to the transmitter. If the received 
signal is badly perturbed by noise, correct re- 
construction of the message from the received 
signal may not be possible and there remains 
some uncertainty about the original message. 


Information Theory and Some of lis Applications 


It may be simply due to the random ~ 


377 


The destination is obviously the terminating 
point for the message and may be a recording 
device like a photographic film or a magnetic 
tape or even a human sense organ like the ear 
or the eye. It comes into consideration here 
because the resolving power of the terminating 
device determines the degree of detail that we 
need transmit. 
A MEASURE OF INFORMATION 


Having described the basic elements of a 
generalized communication system we proceed 
to develop the fundamental concept of informa- 
tion. When we ignore the meaning and look 
at the message as the output of a stochastic pro- 
cess (as a cryptanalyst does when, deciphering 
a cryptogram) we begin to notice that the 
various symbols of the message (letters, etc.) 
are not entirely random but exhibit certain 
statistical regularities such as the constant fre- 
quencies of the letters, etc. The statistical 
properties as defined, for instance, by the prob- 
abilities of the occurrence of the different sym- 
bols, the transition probabilities between 
successive symbols, etc., enable us to define a 
quantitative property of the message called the 
information content or entropy of the message. 
We are certainly not using the word informa- 
tion here in an unconventional sense although 
we intend to attach a numerical measure to the 
information contained in the message. To be 
sure, the information content of a message is 
not the same thing as its meaning ; meaning or 
rather its comprehension has a subjective side 
while the information is a measurable quantity 
without reference to the meaning of the mes- 
sage. 

To develop a quantitative measure of infor- 
mation consistent with its commonsense usage, 
notice that we seek information only when we 
are in doubt, which arises when there are a 
number of alternatives or choices and we are 
uncertain of the outcome of the event. We go 
to an enquiry office (rightly called information 
office in America) to remove our doubts; we 
consult weather forecasts for information whe- 
ther it will be rain or sunshine; we are, in 
fact, seeking information (in the form of data) 
when we perform experiments whether they 
are launching of sputniks or the testing of 
nuclear weapons. On the other hand, if an 


event can happen in only one way, there is no 
choice or uncertainty about it and no informa- 
tien is called for either. Obtaining information 
is equivalent to making a choite thereby re- 
moving the a priori doubt. Choice, uncertainty 
or doubt and information thus all come to pos- 
sess the same measure. ; 


e 
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Any written message in English can thus be 
regarded as the result of a sequence of differ- 
ent choices from the 26 letters of the English 
alphabet. It will be convenient to regard the 
space between words as a symbol by itself and 
consider the alphabet to have 27 letters instead. 
We can thus form no more than 27% different 
messages of N symbols length. Only a very 
tiny fraction of these correspond to the con- 
ventional use of English and are thus used in 
preference to the others. What is more, we can 
associate with each message a certain a priori 
probability if we have sufficient knowledge of 
the statistics of the message symbols, i.e., their 
probabilities, etc. 

How much information does a given mes- 
sage contain? First, we need a unit to measure 
information and then the probability measure 
of the message. The most elementary type of 
choice we have is the choice between two 
equally probable alternatives (e.g., the choice 
between the heads and tails in the tossing of 
a coin). For reasons which will become more 
convincing as we proceed, we shall choose the 
logarithm to the base 2 of the number of alter- 
natives as the amount of information H asso- 
ciated with the choice so that, in the binary 
choice referred to above, we obtain one unit of 
information (H=log,2=1) which is desig- 
nated as a bit. If there are N equally probable 
alternatives, we obtain H =log,N bits of in- 
formation with the specification of any one of 
them. In this case since the probability of any 
of the alternatives is p—1/N, the definition is 
equivalent to choosing the negative logarithm 
of the probability of the event as the measure 
of the information associated with the selec- 
tion. 

The various symbols, however, do not occur 
with equal probability (the letter e has the 
highest frequency of occurrence, about 13% and 
z has _the least, about 0-09%). If different 
symbols have different probabilities p,; (i= 
1, 2,....m), and occur independently of each 
other, the average amount of information per 
symbol (of the event zx, say), may be shown 
to be given by 


H (x) = - J p; log, p, bits. (1) 


The only requirements imposed by Shannon in 
obtaining this measure are that (i) H should 
be a continuous function of the pS, (ii) when 
all the pS are equal, ie., each p,;=1/n, it 
should be a monotonic increasing function of n, 
and (iii) that if the choice be made in suc- 
cessive stages, the weighted sum of the indi- 
vidual values of H associated with each stage 
must be equal to the value of H obtained by 
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direct selection. Notice, however, that the ex- 
pression (1) can be interpreted as the weight- 
ed average of the information obtained with 
the selection of each symbol, the weight factor 
being the probability p, of the symbol. The 
formal resemblance of this expression for the 
amount of information to the entropy of a 
thermodynamical system which can have n 
different complexions with probabilities p, 
cannot escape notice here. For this reason the 
term entropy is frequently used to refer to the 
average amount of information associated with 
a set of alternatives. 

We digress for a short while here to examine 
the stochastic character of actual messages. 
Shannon and Miller have _ given striking 
demonstrations of how we approach actual 
languages by merely choosing successive letters 
or words incorporating longer and longer prob- 
abiliy constraints in their choice (see refer- 
ences 1 and 8). 

A typical ‘sentence’ of zero-order approxima- 
tion is obtained by choosing all the letters with 
equal probability and independently : 

XFOML RXKHRJFFJUJ ZLPWCFWKCYJ 
FFJEYVKCQSGXYD QPAAMKBZAACI- 
BZLHJQD 

The first order approximation is obtained by 
choosing the letters independently but with fre- 
quencies as in English: 

OCRO HLI RGWR NMIELWIS EU LL 
NBNESEBYA TH EEI ALHENHTTPA 
OOBTTVA NAH BRL 

The second order approximation incorporates 
the transition probabilities between successive 
letters and hence has the same digram (i.., 
letter-pair) frequencies as in English : 

ON IE ANTSOUTINYS ARE T INCTORE ST 
BE S DEAMY ACHIN D _ ILONASIVE 
TUCOOWE AT TEASONARE FUSO TIZIN 
ANDY TOBE SEACE CTISBE 

The third order approximation ensures correct 
trigram structure : 

IN NO IST LAT WHEY CRATCIT FROURE 
BIRS GROCID PONDENOME OF DEMON- 
STURES OF THE REPTAGIN IS REGOA 
CTIONA OF CRE 

Higher order approximations with letters can- 
not be constructed due to lack of statistics re- 
garding tetragrams, etc., but Miller, following 
Shannon, used words instead of letters and con- 
— approximations up to the seventh 

Zero Order: BETWIXT TRUMPETER PEB- 
BLY COMPLICATION VIGOROUS TIPPLE 
CAREEN OBSCURE ATTRACTIVE CON- 
SEQUENCE EXPEDITION PANE UN- 
PUNISHED 
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‘First Order: IS TO WENT BIPED THE OF 
BEFORE LOVE TURTLEDOVES THE 
SPINS AND I OF YARD THAN ASK 
WENT GREEK YESTERDAY 

Second Order: SUN WAS NICE DORMI- 
TORY IS I LIKE CHOCOLATE CAKE BUT 
I THINK THAT BOOK IS HE WANTS TO 
SCHOOL THERE 

Third Order: FAMILY WAS LARGE DARK 
ANIMAL CAME ROARING DOWN THE 
MIDDLE OF MY FRIENDS LOVE BOOKS 
PASSIONATELY EVERY KISS IS FINE 

Fourth Order: WENT TO THE MOVIES 
' WITH A MAN I USED TO GO TOWARDS 

THE HARVARD SQUARE IN CAMBRIDGE 
IS MAD FUN FOR 

Seventh Order: SAID THAT HE WAS 
AFRAID OF DOGS MARKED WITH 
WHITE SPOTS AND WITH BLACK 
SPOTS COVERING IT THE LEOPARD 
DID 

These were obtained as follows: To obtain 
the third order approximation, for instance, 
Miller chose the sequence of the first two words 
from a text and asked a person to supply the 
next word to form a sentence so that the tran- 
sition from the first pair of words to the third 
takes place as in common English. This word 
is noted along, the first word is concealed and 
the last two now given to another person and 
the next word obtained. The process is re- 
peated using different persons every time a word 
is obtained. The other approximations are con- 
structed in a similar manner. The resemblance 
to natural English increases at each stage al- 
though the messages are not purposive and 
motivated and thus strengthens the conviction 
that natural languages can be represented by 
sufficiently complex stochastic processes. 

The examples above show that the first 
approximation which takes only the letter fre- 
quencies into account is a rather poor one for 
real languages. The expression for the entropy 
can, however, be generalised readily to include 
constraints between symbols. If the choice of 
each letter depends upon the preceding one and 
only on that, we can define the entropy pe: 
symbol from digrams of the type ij as 


H =4H (xy) = ~ 42 (44) logs (4,4) (2) 
where p(i, j) is the probability of the digram 
ij or as 

H = H, (y) = ~ Fp i) 108: (j) (3) 
where p,(j) is the transition probability from 


the ith symbol to the jth and p(i) is the prob- 
ability of the occurrence of the ith symbol. 
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The extension to the case where the choice of 
a symbol depends upon the preceding n—1 
symbols is now obvious. We obtain the average 
entropy per symbol by considering the probabi- 
lity of blocks of n symbols or the transition prob - 
abilities from blocks of n — 1 symbols length to 
the next one. We may also interpret the rela- 
tion (3) as the average entropy of the second 
symbol weighted in accordance with the prob- 
ability of occurrence of the first. As the infor- 
mation obtained is the same as the uncertainty 
removed, it also measures how uncertain we 
are, on the average, of the next symbol know- 
ing the previous one. More generally it is 
called the conditional entropy of the second 
event y relative to the first event x and is 
denoted by H,(y). The expression 

H (x,y) = - Pd log; Pp (i, 3) 


may likewise be interpreted as the entropy or 
uncertainty of the joint event zy. 


SOME PROPERTIES OF THE INFORMATION MEASURE 


We shall now exhibit some properties of the 
measure of information which support the 
claim that the entropy of a set of probabilities 
(as defined above) measures the choice or the 
uncertainty associated with them in accordance 
with our intuitive requirements : 

(i) If there are n possible ways an event can 
happen with probabilities p,, p.,....p,, then 
the entropy H is a maximum when all the pjs 
are equal as may be seen by maximizing H. 
This is obviously the most uncertain situation. 

(iti) H vanishes when all the p,s are zero 
except one which is unity. There is no choice, 
no uncertainty and no information either. 

(iti) It may be shown from our definitions of 
H(z), H(z, y), H, (y), etc., that the relations 


H (x,y) < H (x) + H(y) (4) 


H (z,y) = H (x) + H,(y) = H (y) + H, (x) (5) 
and hence 


H,(y) <H(y), H,(x) H(z) (6) 
hold good. 

The first of these states that the amount 
of information (or the uncertainty) of the joint 
event xy is equal to or less than the sum of 
the informations (or the uncertainties) asso- 
ciated with the individual events x and y. The 
second relation means that the uncertainty of 
the joint event xy is equal to or less than the 
uncertainty of the event xz plus the uncertainty 
of the event y knowing x and vice versa. The 
last statement asserts that the uncertainty 
H,(y) of the event y knowing the event z is 
equal to or less than the uncertainty of y 
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without a knowledge of x and vice versa. The 
equality obtains when x and y are independent 
events. 

REDUNDANCY 


These considerations regarding the entropy of 
a message lead us to the important concept of 
redundancy, a knowledge of which enables us 
to design suitable codes for transmission of 
messages. We have seen that the entropy is a 
maximum when all the symbols are independ- 
ent and equiprobable. In English language the 
maximum entropy per smybol would be 
log, 27 = 4-76 bits (corresponding to the zero- 
order approximation), but the entropies calcu- 
lated on the basis of letter, digram and trigram 
frequencies turn out to be 4-03, 3-31 and 3-10 
bits per symbol. There is evidence that if we 
consider constraints extending over longer 
sequences, the entropy reduces down to about 
1-5 bits per symbol. The ratio of the actual 
entropy obtained in a given message to the 
maximum possible entropy is called the rela- 
tive entropy and one minus the relative entropy 
the redundancy in the message. The farther 
the possibilities p,;s are removed from the equi- 
probable case, the greater is the redundancy, 
the extreme case being one in which all the ps 
except one are zero. The letter u after q is an 
example of this extreme case of redundancy. 
In English one finds a redundancy of 15% on 


‘the basis of letter frequencies alone and about 


30% on the basis of digram frequencies. Con- 
sideration of longer sequences leads to redund- 
ancies as much as 70% or more. Just as the 
entropy measures how uncertain we are on the 
average about the outcome of an event, the 
redundancy is an average measure of our con- 
fidence in the outcome. A highly redundant 
source produces less information per symbol 
than a less redundant source and conversely to 
convey the same information we need the least 
number of symbols when the alphabet is used 
without any redundancy. Redundancy, how- 
ever, insures the message against misrepresen- 
tation. Any letter after q can always be cor- 
rected as u. The price we pay for securing 
the correct transmission is an increase in the 
length cf the message and the resulting slower 
rate of transmission. 

The immediate significance of redundancy to 
the telecommunication problem lies in the fact 
that some of the redundancy may be removed 
in the process of encoding the message ihto the 
signal for transmission. A code is a unique 
correspondence between the message symbols 
and the signal symbols or between groups of 
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them in a one-to-one fashion. There are, how- 
ever, severe restrictions set by noise and the 
inevitable delays in encoding on the extent to 
which the redundancy in a message can be re- 
moved. 


RATE OF GENERATION OF INFORMATION AND 
CHANNEL CAPACITY 


When we realise that the generation of each 
of the message symbols requires a finite time, 
we can also define the time rate at which infor- 
mation is produced by the stochastic process. If 
the durations of the different symbols are t, 
then the average rate of generation of infor- 
mation is 

H’=H/S pjt,_ bits/sec. (7) 


i.e., the average entropy per symbol divided by 
the average duration of the symbols. The rate 
of transmission of information over the chan- 
nel is likewise determined by the duration ¢’, 
of the channel symbols constituting the signal. 
(We are assuming here that the physical pro- 
perties of the channel permit the transmission 
of the signal symbols at least as fast as they 
are produced.) This rate is not necessarily the 
maximum possible rate at which information 
can be transmitted over the channel with the 
given set of channel symbols as these may not 
be occurring with the optimal frequencies. The 
channel capacity is defined as the maximum 
rate at which information can be transmitted 
over the channel, given the durations of the 
channel symbols and the constraints that must 
be obeyed. This capacity rate of transmission 
is to be achieved by suitably assigning the prob- 
abilities of the different symbols and their 
transitions with due regard to their duration 
One of the basic theorems of communication 
theory tells that there exists a code by which 
the output of a source producing entropy at the 
rate of H bits per symbol can be transmitted 
over a channel of capacity C bits per second 
at the maximum possible rate of [(C/H) — 
symbols per second and ¢ can be made arbi- 
trarily small. The emphasis here is on the pos- 
sibility of a code by which the information 
produced -by the source can be transmitted at 
the full capacity of the channel. To approach 
this limiting value, in general, increasingly long 
delays are needed in coding and decoding as 
longer and longer sequences have to be exam- 
ined. One simple example of a perfectly match- 
ing code may be given: Let a source produce 
the four symbols A, B, C, D with probabilities 
1/2, 1/4, 1/8 and 1/8 respectively so that the 
entropy works out at 7/4 bits per symbol 
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according to (1). A binary (ie., a two-sym- 
bol) code can be construed as follows: 

Write the original symbols in order of de- 
creasing probability and divide them first into 
two groups (here A and B, C, D) of equal (or 
as nearly equal as possible) probability and 
assign 0 to the first and 1 to the second group. 
Proceed to subdivide each group and assign 
additional binary digits 0 and 1 in the same 
way to the subdivisions until each symbol is 
given a unique representation as illustrated 
below. 


Message symbols Signal Symbols 
A 0 
Ist div. 
B 10 
2nd div. 
110 
3rd div. 


D 111 


It will be szen that a typical long message in 
A, B, C, D will result in producing the chan- 
nel symbols 0 and 1 with equal probabilities 
so that they carry maximum information. We 
must remember that with such ideal coding 
which removes all redundancy any error in 
transmission cannot be corrected. 


NoIsE IN COMMUNICATION SYSTEMS 


To make our discussion realistic we must in- 
clude the effect o* noise in transmission, which 
perturbs the transmitted signal in an unpre- 
dictable way. Jus if the transmitter produces 
the symbol i at the input to the channel, there 
is no certainty that it will be received as i at 
the receiver; all that we have are conditional 
probabilities p, (j) that if the symbol é is trans- 
mitted, it will be perturbed into the symbol j 
at the receiving end. If the noise is not bad, 
the p,(i)s will be nearly unity and all other 
P,(j)s will be small, the noiseless case being 
the special one for which p,(j)=% . There- 
fore, when a message is received over a noisy 
channel there will be some uncertainty of what 
the transmitted message was. 

How much information is conveyed by each 
symbol under these conditions? Assuming for 
simplicity that the input symbols are independ- 
ent and further that noise affects each symbol 
independently, we can compute the entropy 


input per symbol H(x) on the basis of the 
probabilities of the input symbols and likewise, 
the entropy H(y) of the output symbols. Know- 
ing the p,(j)s, which characterise the noise 
source, from previous statistics, we can also 
compute the conditional entropy which measures 
H,(y)=-2 Pp, (j) log p; 
i 
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the average uncertainty of transmission. It is 
therefore proper to define the actual informa- 
tion transmitted over the channel as the re- 
ceived information H(y) less the uncertainty 
H,(y) in its transmission. Thus the average 
information transmitted per symbol is H(y) — 
H,(y) or in view of the relation (5), H(x) — 
H,(x). The latter expression may be inter- 
preted as the amount of information sent less 
the uncertainty that remains of the transmitted 
message after the message is in hand. To use 
such a noisy channel to its capacity we must 
maximize H(x) — H, (x) by assigning the prob- 
abilities p(i) of the input symbols in the opti- 
mal way. Roughly speaking, if all the symbols 
are of the same duration, those symbols which 
are least disturbed by noise are to be used most 
frequently. 
ConTINUOUS SYSTEMS 


The messages and signals discussed so far use 
a discrete alphabet. There are, however, mes- 
sages like those due to speech-waves, etc., which 
are conventionally regarded as being continuous 
and also continuously variable. The problem 
of developing a measure of the information pro- 
duced by such continuous messages may be 
approached in two different ways: The mes- 
sages constitute an ensemble with a probability 
density measure p(x), where x is some statis- 
tie such as the pressure amplitude of the dif- 
ferent possible speech-wave forms at some fixed 
instant. For such continuous distributions 
Shannon has formulated the entropy as 


co 
H (x) = ~ Sp(z) log p(x) dr. (8) 


In the continuous case also the entropy pos- 
sesses the properties analogous to (i) to (iii) 
of the discrete distributions. A particularly 
interesting property of the continuous distri- 
bution is that if the standard deviation is fixed 
at some value ¢, the entropy in (8) has the 
maximum value log when p(x) is 
gaussian, i.e., 


p(x) = | (9) 


A more practical approach to the entropy 
(and the channel capacity) in the continuous 
case is based on the fact that in practice there 
is a least upper bound W to the frequencies 
produced by any source of information. There 
is an important theorem, called the sampling 
theorem, which states that if a function of time 
f(t) contains only frequencies between 0 and 
W cycles per second, then it is completely 
determined by specifying its values (i.e., the 
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ordinates) at discrete points 1/2W seconds 
apart. Thus we need only state a finite num- 
ber 2W of ordinates to specify a function over 
one second. Moreover, the accuracy of speci- 
fication need not be greater than the resolving 
power of the ultimate destination or the level 
of the ambient noise fluctuation to which the 
channel may be subject. Thus both the 
abscisse and the ordinates of the function can 
only assume discrete values. This double 
quantization reduces the continuous case in 
practice to the discrete case. 


‘Capacity oF a NoIsy CHANNEL 


One of the most important contributions of 
modern information theory is the determina- 
tion of the maximum possible rate at which 
information can be transmitted over. a channel 
perturbed by white thermal noise of power N. 
Thermal noise of power N is characterized by 
the fact that its amplitudes are independent 
and have the gaussian probability distribution 


(9) with standard deviation o=\/N. There- 
fore, the entropy produced by the noise source 


in one second is 2W log \/2 re N. . Given a 
signal of power P, to carry maximum informa- 
tion it must also assume a gaussian distribution 
with the standard deviation >= \/P. As the 
transmitted signal power and the noise power 
add directly during the course of transmission, 
the received signal will have the power P+N, 
and will also have a gaussian distribution with 


¢=\/P+N. The entropy of the received 
signal [corresponding to H(y) in the discrete 


case] per second will be 2 W log \/2 7e(P +N). 
The channel capacity C is obtained by sub- 
tracting’ from this the uncertainty due to noise. 


Thus 
C= Wlog? bits/sec. (10) 
This is known as the Shannon-Hartley Law. 
Regarded as an exchange relation between the 
channel capacity, bandwidth and _ signal-to- 
noise ratio, it shows what is possible under 
ideal conditions. 
INFORMATION THEORY OUTSIDE 
TELECOMMUNICATION ENGINEERING 
The science of telecommunication abuts on 
many scientific disciplines, in particular, lin- 
guistics, psychology, neurophysiology and others 
not to speak of its obvious connections with 
certain branches of physics like acoustics and 
statistical mechanics: It stems out of the fact 
that in the telecommunication chain, ‘the ulti- 


Current 
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mate source of information and the ultimate 
destination happen to be nearly always a human 
being. We are thus confronted with the prob- 
lem of matching the telecommunication chan- 
nel to the human channel. The concepts of 
telecommunication theory provide valuable 
analogies in the field of human communication 
and we can ask questions like “How is infor- 
mation transmitted in the human being and 
what are his capacities as a channel?” We 
have no satisfactory way of answering these 
questions yet but these problems are receiving 
attention in several fields. Models of commu- 
nication in the human being, beginning with 
the physical stimulus and ending with the 
behavioural response, have been put forward 
following the general framework of the tele- 
communication systems. Some recent experi- 
mental work by Miller, Licklider, Pierce and 
others indicates that human beings cannot prob- 
ably take in information at a rate much greater 
than about 50 bits per second through the sense 
organs like the ear and the eye. The import- 
ance of the problem of matching the telecom- 
munication and the human channels becomes 


“obvious when we observe that our present tele- 


communication systems utilize channel capaci- 
ties several orders of magnitudes greater than 
that of the human channel. In the outline that 
follows (which necessarily belongs to the con- 
troversial) we can only hope to direct atten- 
tion to some of the problems in this sphere. 
We must caution, however, that speculative 
hypotheses and theorizations which appear fre- 
quently in literature should not be mistaken 


_to have any accepted standing. 


LANGUAGE AND HUMAN COMMUNICATION 


Communication by speech and writing have 
been going through a process of evolution long 
before we could extend their scope by tele- 
communication and form, even today, the bulk 
of our communicative activity. Speech or 
(written) language usually appears as the input 
and output of most telecommunication systems 
which is but one reason for our interest in 
these. Even before the development of infor- 
mation theory, a very considerable body of sta- 
tistical data regarding the characteristics of 
speech and language has been gathered over 
a number of years. The growth of telephone 
systems following the development of the 
vacuum tube initiated systematic investigations 
into the physical characteristics of speech. The 
needs of the military for secret communication 
by codes and for deciphering enemy cryptograms 
provided an early incentive for the study of 
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the relative frequencies of different letter sym- 
bols, digrams, trigrams, etc. With information 
theory came the realization that these statisti- 
cal data define a measurable property of speech 
and language. The point of view has also 
emerged that speech and language may them- 
selves be regarded as codes for certain concep- 
tual entities. The question of what are the 
principles which underlie this coding process 
has received some attention recently. 

The first concern of information theorists 
with speech and language has almost always 
been to determine the extent of redundancy in 
a given message. The proper exploitation of 
redundancy offers one of the most hopeful 
means of more effective utilization of the chan- 
nel capacities. Hence the search for the infor- 
mation bearing elements (or shortly ibes) of 
speech. The fact that some saving in channel 
capacity required to transmit intelligible speech 
may be possible was appreciated for some time. 
One of the most successful practical attempts 
in this direction was the Bell Telephone Labo- 
ratories’ Vocoder which indicates that a band- 
width of some 300cps. may be adequate for 
intelligible communication as compared with 
the nearly 3,000 cps. used in telephony. That 
speech is highly redundant has been amply 
established by a number of experiments with 
speech-waves during the last decade. The in- 
telligibility of speech was tested on speech- 
sounds, syllables, and words using transmission 
systems which distort it in a variety of ways, 
eg., by clipping off the positive and negative 
peaks till the wave becomes nearly rectangular, 
by interrupting the wave at a rapid rate, etc. 
Even when the wave form is severely distorted, 
speech retains its intelligibility to a remarkable 
degree, indicating the presence of a great deal 
of redundancy. This is not surprising as we 
already saw that the output of a continuous 
source has maximum entropy when it corres- 
ponds to white noise. It is correct, though un- 
complimentary, to say that human speech fails 
to be informative to the extent that it falls 
short of noise. How much of this redundancy 
can be removed and how best the remaining can 
be utilized in a given situation are questions 
which will continue to engage our attention. 
SEMANTIC AND PRAGMATIC QUESTIONS 
- Following Shannon’s example, information 
theory has been developed (as we have done 
above) without attention to the meaning of the 
messages. This point of view was adequate as 
long as one’s problems were strictly confined 
to telecommunication systems, but when once 
the human terminal is considered, we can no 
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longer ignore the semantic and pragmatic prob- 
lems involved. Obviously, the use of the con- 
cepts of information theory in the semantic and 
pragmatic fields needs both clarification and 
caution. As one illustration, consider a message 
like ‘The sun will rise in the east tomorrow’. 
One feels intuitively that the message is highly 
redundant because one has no a priori doubt 
about the truth of the statement and yet the 
statement is not redundant in the same sense 
that the letter u is redundant after g. The re- 
dundancy here is at the semantic level and not 
at the syntactic level as in the case of u after q. 
There is evidently a need for a more general 
theory of information which includes the mean- 
ing of the messages. Bar Hillel and Carnap 
have advanced, however, a theory of semantic 
information in the limited sense that their theory 
takes into account the concepts or the entities 
to which the symbols refer. It does not, how- 
ever, take into account the meaning of the 
messages. 

The problem of semantic information is not 
entirely separable from the information of the 
telecommunication problem, sometimes called 
the selective information to distinguish it from 
the semantic information. For, if we have the 
choice between two languages in which to trans- 
mit the same semantic information, we would 
naturally prefer to transmit it in the language 
which requires the smaller number of bits of 
selective information. Following this line of 
reasoning, in the course of their studies in 
Indian languages from the information theory 
point of view, the author and his co-workers 
have recently advanced the view that it is pos- 
sible to compare the relative efficiencies of dif- 
ferent languages for communication of seman- 
tic content without reference to its absolute 
value. To use a metaphor, translation from one 
language to another is a transformation of the 
code which leaves the semantic content, but 
not the selective entropy of the code symbols, 
invariant. The total number of bits of selective 
information contained in semantically equival- 
ent materials in different languages are thus, in 
a sense, the appropriate measures of the effi- 
ciencies with which different languages encode 
semantic content into linguistic symbols. A 
preliminary comparative study of English and 
German languages, considered as alternate 
codes for communication of semantic content, 
revealed some interesting aspects of the pro- 
cess of translation. On counting the number of 
bits of information in samples of texts in Eng- 
lish and their translations into German, it was 
observed that a bit in German is semantically 
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equivalent to about 0-82 bits in English. On 
the other hand, when translations from Ger- 
man to English were examined, one bit in Ger- 
man was found to be equivalent to 0-94 bits in 
English. A unique ratio may, however, be ob- 
tained on the assumption that translation from 
one language into another involves a certain 
amount of ambiguity which is in the nature of 
noise or loss of information and therefore one 
uses additional bits of information in the lan- 
guage of translation to overcome this noise. On 
the basis of this assumption one finds that a 
bit-in English has about the same semantic 
Value as 1-15 bits in German (which makes 
English slightly more efficient) and that each 
bit requires an additional 0-065 bits to over- 
come the noise inherent in the process of trans- 
lation. Comparative studies in statistical 
aspects of Indian languages from the informa- 
tion theory point of view also showed the pos- 
sibility of a common telegraph code for the 
Indian languages. One may go further and 
regard the different scripts as different codes 
for. the same phonetic pattern and thus com- 
pare their efficiencies for transcribing from the 
verbal to the orthographic form. 


INFORMATIONAL AND THERMODYNAMIC ENTROPIES 


’ A large part of our scientific activity may be 
described, in a sense, as seeking, processing and 
using information. A theory of information, 
therefore, cannot but be of some significance to 
Science at least on the philosophical plane. 
Brillouin, who has some provoking statements 
to make, has explored the relationship between 
the thermodynamical entropy of a physical sys- 
tem and the amount of information obtaised 
when the state of the system changes. When an 
isolated system is left to itself, according to the 
second law of thermodynamics, the system can 
undergo only those changes which lead to an 
increase in its physical entropy or a degrada- 
tion of its energy. At best the entropy remains 
constant if the change is a reversible one. 
Brillouin argues that information can only be 
obtained by letting the entropy of the system 
increase. and the increase in entropy is always 
greater than the amount of information ob- 
tained. 

. ‘Consider a system whose initial state could 
result, for instance, from any of the W, equally 
probable complexions and hence a priori prob- 
ability py=—1/W, and initial. entropy S,= 
klog Wy, k being Boltzmann’s constant. As 
the system degrades in the course of a natural 
change, its final state can result from any of 
Ge, Ws Me)... probable com- 
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entropy becomes S,=klog W,. The change 
in entropy is 
S.—S, = k log, (W,/W,) = k log, (p,/Ppo). 

Information theory tells that an observation 
which involves a change in the probability from 
Py to p, brings log.(p,/py9) bits of information. 
We can, however, identify k log, (p,/p 9) itself 
with the amount of information I (by choosing 
a new unit of information) that could possibly 
be obtained from the system. Thus 


S, = 

Brillouin now restates the second law of thermo- 
dynamics in a somewhat more generalized form 
by saying that “in any transformation of a 
closed system, the quantity entropy minus in- 
formation must always increase or may at best 
remain constant” and hence argues that infor- 
mation can only be obtained from a system by 
letting its entropy increase. Notice that every 
observation is an irreversible one and hence 
involves an increase in the entropy in accord- 
ance with the above reasoning. Under the best 
of circumstances, the amount of information 
obtained is equal to the increase in the entropy 
so that in general 


AISAS. 

Because of the opposite sign of information to 
entropy we might make use of information to 
decrease the entropy, but the overall balance 
still remains in favour of an increase in the 
entropy. Brillouin has seized upon this rela- 
tionship to discuss the efficiency of an experi- 
mental observation which he defines as the 
ratio AI/AS (<1). 

The concept of entropy and the second law 
of thermodynamics raised in the past many 
issues with philosophical implications which are 
still being debated. Information theory with its 
wide connections gives us a new opportunity 
to re-examine these questions afresh.  Infor- 
mation theory is thus more than a theoretical 
tool for the evaluation of communication sys- 
tems ; it has already come to stay as a way of 
thinking about a very wide class of problems. 


Literature on information theory is very extensive and 
widely scattered. We cite some references which will 
enable the reader to pursue his way through this subject. 


1. Shannon, C. E., ““A Mathematical Theory of Com 
munication, I & II,” Bell Syst. Tech. Jour., 1948, 
27, 379-423, 623-56. 

2. Wiener, N., LZxtrapolation, Interpolation and 
Smoothing of Stationary Time-Series, Wiley & Sons 
Inc., New York, 1949. 

3. Symposium on Information Theory, Ministry of 

. Supply, London, 1950. 
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"C AS REFERENCE NUCLIDE 


Y ‘pase exist at present three scales of atomic 

masses of weights: (i) the absolute scale 
based on the gram, (ii) that defined by taking 
the mass of one atom of the nuclide 1%O equal 
to 16 units (the “Physical scale” of “atomic 
masses” or “nuclidic masses’), and (iii) that 
taking the average atomic masses of the isotope 
mixture of “natural” oxygen as 16 units (the 
“Chemical scale” of “atomic weights”). Of 
these, only the last two are in common and 
extensive use. The chemical scale is indefinite 
to the extent of the variation in the average 
atomic mass of oxygen from various natural 
sources (some 15 parts per million) resulting 
from variations in the relative proportions of 
16O, 170 and 180. 

Recently, proposals for improving this situa- 
tion have been made and discussed. The neces- 
sity of matching the proper value of the Avo- 
gadro number with the mass values employed 
arises especially often in the domain of nuclear 
chemistry. 

Proposals to unite the scales by adopting the 
physical scale for chemical atomic weights have 
been regarded with disfavour by many chemists 
because of the relatively large change, about 
275 parts per million, which would have to be 
made in all of the quantities whose values de- 
pend on the size of the mole. There are many 
physicochemical data whose precision is greater 
than that and whose value would therefore 
have to be changed. On the other hand, the 
serious consideration which has been given by 
chemists to the proposal of a new unified scale 
based on 19F = 19, which would result in a 


change of 41 parts per million, indicates that 
many chemists would be willing to accept a 
unified scale if the atomic weights would not be 
changed by more than about this amount. There 
are relatively few chemical data bearing such 
high precision. 

Fortunately, there is a possible. scale defini- 


tion which, as the basis of a unified scale, would 
suit chemists and by which, moreover, physi- 
cists would benefit greatly. 

Evidently, that definition is to be preferred 
which allows’ most nuclidic masses to be ex- 
pressed with the smallest errors, not only now 
but also in the foreseeable future. As is shown 
below, this purpose is fulfilled by taking 12C 
as the reference nuclide. The best definition of 
the atomic-mass unit is, accordingly, 

Mass of*!2C equals exactly 12 atomic mass 
units. The“unit defined in this way is 318 parts 
per million larger than the present physical mass 
unit and 43 parts per million larger than the 
present chemical one. 

In the mass-spectroscopic determination of 
nuclidic masses, the most important substandard 

is ®C, Not only do the doubly, triply, and 
qabdrapty charged atomic ions of 12C occur at 
intégral mass numbers so ‘that they can be 
paired in doublets with nuclides having ‘mass 
numbers 6, 4 and 3 respectively, but—much 
more important—no other element besides car- 
bon’ can be found which forms molecular ions 
containing as many atoms of but one kind (up 
to 10 and more). Therefore, the scale 12C = 12 

would allow many more direct doublet compari- 
sons Of masses, especially of heavy nuclides, 
with the reference nuclide than any other scale. 
12-Carbon has the additional advantage that 
carbon" forms many more hydrides than any 
other element, so that an easy reference line 
for‘ “doublets can be produced almost every 
mass humber up to A ~ 120. ‘Many _ stabie 
nuclides in the mass region 120<.A < 340 can 
also be measured in reference to 120 by’ paifing 
in doublets their ‘doubly charged ions with singly 
charged ions of 12C, or of 12°C, ‘fragments. 
Use can then be made of nuclear ‘disintegration 
data obtain accurate masses many’ other, 
especially unstable nuclides. —Science, 20th 
June 1958, 127 (3312), 1481, 
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GEOTHERMAL POWER 


concept of the economic development of 
geothermal energy is relatively new, for 
natural steam emanating from the earth in the 
form of geysers and fumeroles has been re- 
garded traditionally as a scientific curiosity, and 
regions exhibiting such phenomena have been 
set aside as parks and tourist attractions. But 
in the last few years, a number of nations in 
many parts of the world have been re-evaluat- 
ing their thermal areas as something more than 
mere spectacular scenery. For, in our modern 
mechanized society with its great dependence 
on fossil fuels as energy sources, the doubling 
and redoubling of power requirements in the 
post-war years has placed a heavy strain on 
these patently exhaustible resources. As a re- 
sult energy sources which are essentially in- 
exhaustible, such as falling water, nuclear 
fission, and geothermal steam, are receiving in- 
ereased attention. 

The theory supporting contentions that sub- 
terranean steam is a virtually inexhaustible 
resource is based on the conversion of both 
meteoric water and magmatic water to steam. 
Meteoric water, or ground water, contacting 
hot rocks near the surface is commonly held 
responsible for geyser phenomena and is cer- 
tainly accountable for the occurrence of large 
quantities of steam; but it is magmatic water, 
reckoned at about 10% of the superheated 
earth’s core and released upon cooling and 
crystallization of magma into igneous rock, 
that makes up the bulk of the steam reserve. 
Taking both of these sources into considera- 
tion, Italian scientists at Lardarello, Tuscany, 
where the pioneer project of this type has pro- 
duced power for many years, have estimated 
that at the present rate of energy withdrawal 
from the proven geothermal area, reserves are 
sufficient for another 11,000 years. 

However, despite the success of the Italian 
development and its expansion following the 
war, little attention had been paid to geother- 
mal development until very recently, when a 
major project was begun in New Zealand 
[Science, 126, 440 (September 6, 1957)]. Taking 
advantage of an extremely favourable set of 
natural and economic circumstances on the 
North Island, the New Zealand Government in 
1950 launched a widely publicized programme 
to utilize geothermal steam to produce electric 
power on a large scale. The apparent success 
in New Zealand (the schedule calls for initial 
power deliveries this year) triggered a rash of 
exploration and development schemes in a 


number of other widely scattered locations 
around the world. In Mexico, Iceland, El Sal- 
vador, Chile, Fiji, the British Windward Island 
of St. Lucia, and at the aforementioned Big 
Geysers, drilling programmes are in the plan- 
ning stages or already underway. 

The Big Geysers Project undertaken by a 
concern in Santa Rosa, Calif., is still in the 
early, speculative stage and the aim is merely 
to test the energy potential of the property by 
drilling at many different locations and varying 
depths. Only after the results are in on this 
exploration and testing, can plans be forthcom- 
ing for the economic utilization of the stream. 
Nonetheless, close observers exhibit a cautious 
optimism, pointing out that the eight old shal- 
low wells, together with Magma No. 1, are 
blowing an estimated 6,000 kilowatts of energy 
into the air; to duplicate this in a modern 
power plant would require the burning of 240 
barrels of fuel oil or 1,444,000 cubic feet of 
gas per day. Temperatures at the 500-feet 
level have been determined at 600°, and if the 
heat gradient continues to rise in proportion 
to depth 1,000-1.500-feet bores might be ex- 
pected to have very high temperatures and 
yield at least the equivalent of 4,000 kilowatts 
per well (New Zealand wells have averaged 
6,000 kilowatts). So far Big Geysers steam, 
even for existent shallow bores, has proved to 
be dry, in contrast to the wet steam found in 
other areas ; wetness constitutes a turbine cor- 
rosion hazard. Further, engineering reports on 
the region state that wells can be drilled as 
close together as 150’ without reducing the pro- 
duction of their neighbours, and that the ulti- 
mate potential of the property could easily ex- 
ceed 30 wells, or 100,000 kilowatts, should a 
substantial portion of the property prove pro- 
ductive. 

If such results can be achieved, geothermal 
steam can compete very favourably in power 
production. Geothermal steam shares with all 
other energy sources generating electric power, 
the long distance transmission line loss, but it 
has double advantage over hydrogeneration in 
not being subject to the vagaries of seasonal 
stream flow or the conflicting water require- 
ments of irrigation vs. power development. 
Similarly, the sharp increases in fuel prices in 
the past few years, plus the need for boilers, 
which constitute 30-40% of overall power-plant 
costs, give geothermal steam a real advantage 
over standard thermal plants—(Science, May 
1958.) 
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A METHOD FOR ESTIMATING THE 
ULTRASONIC VELOCITY IN SOLIDS 


From the data obtained regarding the super- 
sonic velocities in organic liquids, Rao! has 
suggested a simple relation 


M 
vn. =R (1) 


where v is the velocity of supersonic waves in 
the liquid of molecular weight M and den- 
sity d. R is a constant independent of tempe- 
rature. It was further observed that R is an 
additive function of the chemical constituents 
of the liquids. 

In the case of liquid mixtures, this relation 
can be extended as follows: 


Ri. = (2) 
12 

Rig = Rix + (1-x) R, (3) 

M,, = M,x + (1-x) M, (4) 


where R, and R, are the values of R in the 
case of solute and solvent respectively and R,o 
that of the mixture. M, and My, are the mole- 
cular weights of the solute and solvent, while 
M,, is that of the solution, x being the mole- 
cular fraction of the solute, v,. is the velocity 
of supersonic waves in the mixture whose den- 
sity is dy>. For the two constituents of the 
mixture, the values of R will be given by 
eq. (1). 

The author has extended these results to the 
case in which the solute is a solid. Experimen- 
tal results on the solutions of different concen- 
trations of benzoic acid in ethyl alcohol, pro- 
pyl alcohol, butyl alcohol and amyl alcohol are 
reported in a paper (Lal and Sharma*) and 
detailed results on the solutions of benzoic acid 
in benzene, xylene and toluene are to be re- 
ported elsewhere. It is found that Rao’s equa- 
tion can be extended to solid-liquid solutions 
and the mixture law as given by eq. (3) also 
holds good in the case of solid-liquid solu- 
tions. 

Further, the values of the constant R for the 
sdlute (benzoic acid) have been calculated from 
above equations for the different concentrations 
of the solute and in different solvents. It is very 
interesting to note that these values of R are 
nearly the same for the same solute irrespec- 
tive of the solvent. As we are getting the con- 
stant value for the solute (solid) in every case, 


we may extend Rao’s equation 
M 
vy R 


to the case of solids and calculate the velocity 
of supersonic waves in the solute. The ‘method 
is thus useful in estimating the ultrasonic velo- 
city in a pure solid solute existing in a hypo- 
thetical liquid state at room temperature. The 
velocity in the case of benzoic acid comes out 
to be 3-92 x 105cm./sec. It will be quite in- 
teresting to test whether this velocity. agrees 
with the value of the velocity in the solute in 
the molten and in the solid state. 

The author expresses his very grateful thanks 
to Dr, P. N. Sharma for his eee and en- 
couragement. 

Dept. of Physics, 
Lucknow University, 
Lucknow, May 19, 1958. 


K. C. Lat. 


1. Rao, M. R., Curr. Sci., 1939, 8, 510. 
—, Nature, 1941, 147, 268. 
, Jour. Chem. Phys. -, 1941, 9, 682. 
2. Lai, K. C. and Sharma, P. N., Zeitschr. fur Physi- 
halishe Chemie., 1957, 206, 231. 


POLARIZATION STUDIES ON CHRO- 
MATE-TREATED ZINC 


Mucu basic and significant information about 
the processes associated with corrosion inhibi- 
tion can be obtained from polarization studies.!.2 
It is shown below that polarization data are 
helpful in elucidating the fundamental mechan- 
ism by which chromate treatment of zinc in- 
creases the resistance of this metal to corro- 
sion. 

Analytical data have shown that a film approxi- 
mately 0-00002” thick of basic chromium chro- 
mate of general formula Cr,O,, CrO,, nH,O is 
formed on the metal surface during Cronak. 
process. The hexavalent chromium in. this 
film, which is slightly soluble, is leached into 
the corrosive medium and protection to the 
metal surface is believed to be obtained both 
by the well-known inhibiting action of hexa- 
valent chromium in solution and by the in- 
soluble, presumably, trivalent chromium film. 
left on the metal surface.* 

Fig. 1 shows polarization curves obtained 
shortly after immersion of untreated and chro- 
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mate-treated zinc in .0-001% NaCl solution and 
of untreated metal in solution containing 0-001% 
NaCl + 500 p.p.m. of sodium chromate. Fig. 2 


@ UNTREATED 
TataTco 


Fic.fi. Polarization curves of untreated and chro- 
mate-treated zinc in 0-001% NaCl and untreated zinc in 
0-001% NaCl + 500 p.p.m. chromate. 
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‘Fic. 2: Polarization curves of chromate-treated 


zinc in0-001%. NaC! (after a week) and in 0-001% 
NaCl + 500 p.p.m. of chromate. 

shows polarization curves obtained with chro- 
mate-treated’ zinc in (1) 0-001% NaCl+ 500 
p.p.m. sodium chromate shortly after immersion, 
and (2)-in 0-001% NaCl solution only after im- 
miersion for a week. 1” x 1” specimens of the 
metal were used in the study and the poten- 
tials were measured by the Poggendorf method, 
using a Beckman pH meter as null point»indi- 
cator. 

. It miay be seen from Fig: 2 that (1) the polar- 
ization curve of chromate-treated metal after 
the lapse of a few days, and (2) polarization 
curve of chromate-treated metal just after im- 
mersion’ in: potassium chloride solution contain- 
ing Hexavalent chromium ‘in addition, both show 


Letters to the Editor 


considerable similarity, lending support to- the 
view presently held regarding the mechanism 
of inhibition. The formation of the film itself 
markedly increases both anodic and cathodic 
polarization (Fig. 1) and the potential of the 
metal, therefore, remains more or less unchang- 
ed, as predicted by. Mears.2 Hexavalent chro- 
mium in solution further increases anodic polar- 
ization and thus reinforces the protective action 
of the film itself. As pointed out in an earlier 
note,5 increased polarization may mean 
either changes in ‘the anodic and cathodic 
areas of the local cell or changes in the 
specific reaction velocity factors for the anodic 
and cathodic reactions. It is not unlikely that 
film formation brings about profound changes 
in the anodic and cathodic areas and hexa- 
valent chromium in solution affects the wo 
factor of the anodic reaction. 

Thanks of the authors are due to Dr. K. S. G 
Doss, Director, Central Electrochemical Research 
Institute, for his. suggestions and encourage- 
ment in carrying out the above study. 

Central Electrochemical K. S. RAaJAGOPALAN, 

Res. Institute, K. BALAKRISHNAN. 
Karaikudi, May 8, 1958. 


1. Evans, U. R., Metallic Corrosion, Passivity and 
Protection, Edward Arnold & Co., London, 1946. 

2.:Meats, R. B. and Brown, H. H., /. Electrochem. 
Soc., 1950, 97, 75. 

3. Anderson, E. A., Proc. Amer. Electroplater’s Soc., 
1943,6. - 

4. Ostrander, ci Plating, 38, 1033. 

5. Rajagopalan, K. ’s. and Doss, K. S. G., Matur- 
wissenschaften, 1957, 44, 631. 


CHEMICAL INVESTIGATION OF 
CORIANDRUM SATIVUM 


Tue plant Coriandrum sativum (N.O. Umbelli- 
ferre) is widely distributed throughout India 
and grows widely also in Palestine, Syria, 
Mesopotamia and Greece. Both in:the Ayur- 
vedic as well as in Yunani system of medicine, 
it is recommended in bronchitis, biliousness, 
syphilis, dyspepsia.1 The essential oil of the 
fruits of this plant has been worked out by a 
number of workers. and various constituents 
have been identified.2 The main constituent is 
coriandrol or linalool? Apart from the essen- 
tial oil, which is used as a carminative, no other 
systematic work has been carried out. 

In the present work, the dried and powdered 
fruits of this plant have been extracted with 
ethyl alcohol (95%) by percolation at room 
temperature. This alcohol extract after concen- 


tration has been re-extracted successively with 
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light petroleum (40-60°), ether, beneene, in the flask from atmospheric moisture using 


chloroform, and ethyl acetate. 

From the light petroleum extract, a new 
triterpene derivative which has been named 
‘coriandrinol’, -m.p. 302-04° (vacuum) and a 
mixture of sugars (glucose, -fructose - and 
sucrose) have been. isolated. The extract on 
chromatography over alumina has furnished 
also a sterol, m.p. 143-50°. (acetyl, m.p. 126-30", 
benzoyl, m.p. 133-37°) probably f-sitosterol or 
stigmasterol and a yellow oil, b.p. 312-15°. The 
benzene extract did not give any definite pro- 
duct other than coriandrinol. 

The ether and chloroform extracts have also 
furnished phenolic as well as acidic products, 
working up of which is in progress. 

Institute of Science, (Miss) D. D. Vili 
Bombay, May 23, 1958.*V. M. THakor. 


* Present Address. : 
College, Ahmedabad. 
1. Kirtikar and Basu, 2, p. 1225. 
' 2. Walbaum, H. and Muller, W., /. Chem. Scc., 1910, 


98, 184. 
3. (#4) Semmler, F. W., Ber., 1891, 24, 201. 
ii) Haensel, H., J. Chem. Soc., 1909, 96, 111. 


Chemistry Department, Gujarat 


SOLUBILITY OF PHOSPHORUS 
OXYCHLORIDE-ALUMINIUM 
CHLORIDE COMPLEX 


In the course of our investigations on the phy- 
sico-chemical properties of complexes formed 
by phosphorus oxychloride with metallic chlo- 
rides, it became necessary to determine the 
solubility of the complexes prepared under a 
variety of conditions in non-aqueous solvents 
such as nitrobenzene and acetonitrile. Such a 
determination by ordinary procedure presents 
certain experimental difficulties. Both the re- 
actants and the resultant product are extremely 
hygroscopic. The solvent such as nitrobenzene 
and water are practically immiscible ; however, 
nitrobenzene -has great -avidity for moisture 
which it readily absorbs from atmosphere. The 
presence or entry of moisture in any form at 
any stage of the experimental procedure vitiates 
the result. Therefore, all the operations have 
to be carried out in moisture-free atmosphere 
in a dry-box. The following method using the 
apparatus described below was developed to 
determine the solubility of the complex pre- 
pared from anhydrous aluminium chloride and 
phosphorus oxychloride. The complex was pre- 
pared by mixing a definite quantity of an- 
hydrous aluminium chloride and excess of phos- 
phorus oxychloride. The mixture was warmed 
up to 95° C, taking care to protect the reactants 


appropriate guard tubes containing phosphorus 
pentoxide. After cooling the resulting homo- 
geneous solution to room temperature, the ex- 
cess of phosphorus oxychloride was removed 
by evaporation under vacuum. The residue 
left behind was a colourless free-flowing pow- 
der. On analysis, the compound was found to 
correspond to a complex with the composition 
AICl,2 POCI,. The samples of this compound 
could be stored in ampoules sealed under dry 
conditions. 


APPARATUS USED FOR SOLUBILITY 
DETERMINATION. 


Fic, 1 

A definite quantity (about 2-5g.) of the com~ 
plex.was introduced into the flask A (as shown 
in Fig. 1) and a known volume (25 ml.) of pure 
and nitrobenzene? added. The appara- 
tus was assembled and all the leads from the 
stopcocks were protected from moisture by 
phosphorus pentoxide tubes. The flask was 
kept in a thermostat at the desired temperature 
for 24hr. and the flask frequently shaken to 
obtain a saturated solution. At the end of 
24hr. the apparatus was removed from the 
thermostat and inverted to filter the saturated 
solution through the sintered disc C and to re- 
move the excess of the solid. Since the time 
required to filter through the disc was only of the 
order of a couple of minutes, it was fiund un- 
necessary to filter the solution in the thermostat 
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using a more elaborate piece of apparatus. 
The results were found to be reproducible 
within an accuracy of 1%. An aliquot portion 
of the saturated solution was weighed and 
shaken with distilled-water (50ml.). The 
complex hydrolysed forming phosphoric acid 
and hydrochloric acid along with aluminium 
chloride. These remained in the aqueous 
layer. The nitrobenzene layer was separated 
and repeatedly washed with fresh quantities of 
distilled-water till the washings were free from 
acid. The washings and the original extract 
were mixed and made up to a volume (250 ml.). 
The solution was analysed for aluminium and 
phosphorus following the standard methods. 
Aluminium was estimated as 8-hydroxy quino- 
line complex volumetrically.2 Phosphorus was 
determined by ammonium phosphomolybdate 
method.¢ From the analytical data the amount 
of the complex present in the saturated solution 
of nitrobenzene was computed and the solubi- 
lities were calculated. It was found that the 
solubility of the complex increased with in- 
crease in temperature as indicated by the re- 
sults presented in Table I. 


TABLE I 
Temperature °C. Solubility* 
25° 5-910 
30° 7-256 
40° 8-634 


* Solubility is expressed as the number of grams 
present in 100 g. of saturated solution in nitrobenzene. 


The authors wish to express their grateful 
thanks to Prof. K. R. Krishnaswami for his 
keen interest in the work. 

Dept. of General K. N. VENKATARAMAN. 

Chemistry, A. R. VASUDEVAMURTHY. 
Indian Institute of Science, 

Bangalore, May 27, 1958. 


1. gor hey and Bury, C. R., /. Chem. Soc., 
1923, 20 

2. McAlpine, K, B. and Smyth, C. P., J. Chem. Phys., 
1935, 3, 55. 


3. Treadwell, F. P. and Hall, Analytical 
Chemistry (John Wiley, New York), 1951, 151, 
260. 


4. —, lbid., 516. 


SOLVOLYSIS OF 1-PHENYL-n-PROPYL 
CHLORIDE 


Ir has been found that 1-phenyl-n-propyl 
chloride undergoes solvolysis in aqueous ace- 
tone and aqueous ethanol at rates which are 
about 25-36% of the corresvonding rates for 
1-phenylethyl chloride (Table I). The tempe- 
rature is 50°C. throughout, 
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Science 
TABLE I 
(1054 (sec.-*) 
Solvent* 
CHPhEtCl CHPhMeC] 
80% aq. ethanol oe 6-60 16-9T 
10% do. ee 18-6 
60% do. 45-1 169-0 
80% aq. acetone 0-310 1-25} 
60% do. oe 7-80 25-4t 


* “X% ” aqueous ethanol or acetone signifies solvent 
made up of X volumes of the organic solvent and 
(100-X x) volumes of water. 

T Values from Fainberg, A. H. and Winstein, S., 
J. Amer, Chem. Soc., 1957, 79, 1597. 

¢ Calculated from data of Hughes, E. D., ef ai., 
J. Chem. Soc., 1937, 1201, using E, values given by 
Grunwald, E. and Winstein, S., /. Amer. Chem. Soc., 
1948, 70, 846. 


The reverse order for the rates of solvolysis 
would be expected on the basis of the relative 
inductive effects of the methyl and ethyl groups. 
The inversion of the order is presumably due 
to the dominating influence of the hypercon- 
jugative effect. One point which requires ex- 
planation is the large magnitude of the hyper- 
conjugative effect, which is surprising, because 


the alkyl group is directly attached to the seat. 


of substitution, and not through a highly polar- 
isable system such as a system of conjugated 
double bonds. In explanation, it is suggested 
that the phenyl group contributes to the stabi- 
lisation of the transition state by allowing a 
fuller use of the hyperconjugative resonance 
energy. 

Applied Chem. Div., G. GOPINATHAN Narr. 
Trivandrum, R. ANANTARAMAN. 
May 8, i958. 


OBSERVATIONS ON THE ROLE OF 
METHIONINE IN EXPERIMENTAL 
MALARIA (P.GALLINACEUM IN CHICK 
MALARIA) 


Fottowinc the observations of Moulder and 
Evans,! that cell-free extract of P. gallinaceum 
contained certain proteases which hydrolyses 
the globin and on the utilisation of a consider- 
able part of the amino acids obtained by hydro- 
lysis for the synthesis of parasitic proteins and 
that of Mckee and Geiman? on the requirement 
methionine for the satisfactory in vitro 
wth of P. knowlesi, systematic study of the 
amino acid changes in the blood of chicks in- 
fected with P. gallinaceum has been undertaken 
in this Jaboratory.* 
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The follow-up by the chromatographic tech- 
niques of the amino acid make-up of the whole 
blood, plasma and erythrocytes of normal and 
parasitised animals has revealed a decrease of 
combined methionine in the whole blood dur- 
ing incubation and an increase at the height of 
parasitemia. Its distribution amongst the con- 
stituents of the blood shows that in plasma 
there is a steady decrease while in the erythro- 
cytes a continuous increase from the time of 
infection. Free methionine, on the other hand, 
is seen to increase in the whole blood through- 
out the course of infection, plasma exhibiting a 
slight initial increase followed by a decrease 
while in erythrocytes the inverse relationship 
is observed? (Table I). 

Recent in vitro studies of P. knowlesi by Ful- 
ton and Grant5 using labelled S*5 methionine 
shows that 80% of methionine in the parasite 
protein is obtained from that in the red cell 
globin. This explains the marked increase of 
methionine in the parasitised erythrocytes of 
chicks. 


TABLE I 
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Studies on the supplementation of methionine 
to infected birds showed an earlier onset of 
parasitemia and an increased severity of infec- 
tion compared with the controls (Table II). 

The findings of Cohen et al.® that dietary 
methionine accelerates the turnover of hzmo- 
globin probably explains the early onset of 
parasitemia and increased severity of infection 
in methionine supplementation studies noticed 
in our experiment. 

Administration of ethionine, a well-known 
antimetabolite of methionine at a dose level of 
10 mg./100 g. body weight to infected chicks 
prolonged the prepatent period and showed a 
decreased severity of infection. The findings in 
individual birds in one set of experiment is 
shown in Table II. 

Taylor? has found a 50% reduction in para- 
sitemia in mice infected with P. berghii when 
treated intraperitoneally with ethionine. 

Studies in rats made by Chung Wa and J. L. 
Bollmann’ show that ethionine impairs the uti- 
lisation of methionine by the body and causes 


Free and combined methionine in the whole blood, plasma, and erythrocytes during the 
course of malarial infection (P. gallinaceum in chicks) 


Combined* Free amino acidf 
Specimen 
Normal Incubation Parasitised Normal Incubation Parasitised 
Whole blood 1-0 0:6 1-3 2-7 3-4 5-5 
Erythrocytes 0: 0-7 “4 1- 2-10 
Liver we 0-9 0:7 0-3 3°30 1-30 3-20 


* Results expressed as percentage of nitrogen. 


t Results expressed in micrograms per 147 microlitres of each of the extract made up to the same volume in 


each case. 
TABLE II 
Effect of supplementation of methionine and ethionine on experimental Avian malaria 
(P. gallinaceum in chicks) 
No. of ’ Parasitemia on the day of infection 
-', . Dose and Route — emarks 
birds 6th 8th 9th 10th 12th 
1 Untreated in- 3 ee 0-5 14 oe 22 D ee 
fected chicks 0-4 10 18 D 
ee 1 “0 20 D 
2 Infectedchicks 3 70 mgm. per 0-2 2 6 ive 12 vw D +» Earlier appear- 
treated with 100 gm. body 16 650 oe oe D + oe ee ance of para- 
methionine wt. I.M. 0-6 8 .* es 9 D ee sites observed 
Infected chicks 3 10 mgm. per... 5 8 D Hassuppressive 
treated with 100 gm. body 0 2 oe 12 oe D effect 
D= Death. 
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a greater excretion of the latter in the urine. 
This antagonism of an essential metabolite to 
the parasite may also explain the suppressive 
effect of ethionine noticed in P. gallinaceum 
infection of chicks and of P. berghii of rats. 

The detailed report will be published else- 
where. 

Our thanks are due to Dr. K. P. Menon for 
his helpful suggestions during the investigation. 
Pharmacology Lab., R. Rama Rao. 
Indian Inst. of Science, K. NAGARAJAN. 
Bangalore-3, A. S. RAMASWAMY. 
May 15, 1958. M. Sirst. 
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6. Cohen ef al., J. Biol. Chem., 1956, 222, 85-89. 

7. Taylor, A. E. R., wy Roy. Soc. Trop. Med. 
and Hyg., 1956, ‘50, 41 

8. Chung Wu and a J. L. J. Biol. Chem., 
1954, 210, 673-80. 


POTENTIOMETRIC DETERMINATION 
OF THERMODYNAMIC FUNCTIONS OF 
DISSOCIATION OF GALLIC ACID 


Inthe previous communication, the authors re- 
ported the determination at 298 A of 
the dissociation constant (K) of gallic acid 
[C,H, (OH) ,COOH ~C,H,(OH),COO- + 
which ‘is used as an analytical reagent for Th"*, 
Cu+, Al**+, etc.,4 and which contributes in 
part, to the colour and acidity of sugarcane 
juices.5 These studies have now been extended 
to the determination of K at different tempe- 
ratures in the range 300-60A, and of the 
thermodynamic quantities like change in free 
energy, entropy, etc., on which no data exist 
in the literature. 

Gallic acid of B.D.H. quality was recrystallis- 
ed several times in distilled-water till the fina! 
product gave constant melting point (252° C.) 
carbonate-free sodium hydroxide was used. A 
known volume of gallic acid solution of desir- 
ed concentration was titrated potentiometrically 
against standard NaOH solution using glass and 
calomel electrodes. The titration was carried 
out in an inert atmosphere. The variation of 
the temperature of the reaction vessel was 

A typical set of data on the values of K ob- 
tained at different temperatures is given in 
Table I; column 3 gives the values of thermo- 


Letters to the Editor 


dynamic dissociation constant K calculated from 
the equation 

log K=log K-2Ax (1) 
which follows from the well-known Debye. 
Huckel limiting formula. The results in Table I 

TABLE I 
Determination of dissociation constant of gallic 
acid at different temperatures 


Classical 
Temp. (a) Dissociation Dissociati 
Constant (4) x105 Constant x 10° 
303 3-84 3-396 
313 3-76 3-196 
323 3-61 3-113 
333 3-44 2-917 
343 2-69 2-278 
353 2-23 1-812 


indicate that K decreases with temperature 
(see Fig. 1); and the corresponding variation 


3-6. 


16 

TEMPERATURE 

FiG. 1. Variation of the thermodynamic dissociation 
constant, A with temperature. 

(Rea to Ramaiah and Gupta (Ref. 1); x — Ostwald 


()—Magnaini (Ref. 3); A—Tomicek (Ref. 6). 
could be expressed by the following equation: 
-ln K=A/T+B+CT (2) 
where A, B and C are constants with the fol- 
lowing values : 
A= 272-08; 
B= 4-81; 
C= 1-49 x 102. 


From equation (2) are obtained the values of 
the change of free energy (AMF), heat content 
(4H), entropy (4S) and heat capacity 
(4Cp) of the dissociation of gallic acid ; these 
are given in Table II. 
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TaBLe II 
Thermodynamic quantities of dissociation of 
gallic acid 
FLJ. AHIJ. ASIJ. ACp LJ. 
Mole- Mole Mole * 
303 59237 — 20896 — 264-5 —172-5 
313 61887 — 22675 — 270-2 —178+2 
323 64635 — 24487 — 275-9 — 183-9 
333 67419 — 26353 — 281-6 — 189-6 
343 70250 — 28277 — 287-3 — 195-3 
353 73164 — 30235 — 293-0 — 201-0 


The details will be published elsewhere. 

Authors’ thanks are due to Prof. S. N. Gundu 
Rao, Director, National Sugar Institute, for his 
kind interest in the work; to the Ministry of 
Education, Government of India, for a fellow- 
ship to one of us (R. K. C.), and to the U-P. 
Scientific Research Committee for a contingency 
grant. 
Dept.. of Physical_Chem.,. N. A. RAMAIAH. 
National Sugar Institute, S. L. Gupta. 
Kanpur, May 6, 1958. R. K. CHATURVEDI. 
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NITROGEN CONTENT AND YIELD OF 
SOME SUGARCANE VARIETIES 


On the basis of the thorough investigation cf 
the chemistry of sugar-producing plants, O. W. 
Willcox® formulated in 1928 the ‘Inverse Yield 
Nitrogen Law in Agriculture’, according to 
which, “Of two or more kinds of plants grown 
concurrently under the same normal conditions, 
the one with the smallest per cent. of nitrogen 
will yield the largest quantity of dry vegetable 
substance”. Since then much evidence has 
accumulated on the yield potential of sugar- 
cane varieties as an inverse function of their 
nitrogen content. Fort and Holmes‘ of 


Louisiana, Carreras of Peru? and Beaucnamp of 
Cuba! have produced evidence in support of 
this theory. Although Dutt and Aiyar® of 
Coimbatore, and Vallance’ of Queensland have 
produced data which deviate from this rela- 
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tionship, it may be pointed out here that many 
of the varieties on which these latter workers 
worked, behaved in consonance with the Will- 
cox’s postulate. 

We noted the inverse relationship of the 
nitrogen content of some varieties of sugarcane 
with their yielding ability at the Indian Insti- 
tute of Sugarcane Research, Lucknow, in 
1957-58. Varietal trials have been under pro- 
gress in the Agronomy Section at this Insti- 
tute since 1954-55, wherein yield data of five 
varieties (Co. 453, Co. 997, Co. 617, Co. 957 
and Co. 313) for four years, e.g., 1954-55, 
1955-56, 1956-57 and 1957-58 are available. On 
examining these data critically for three years, 
it was observed that the relative yield of these 
varieties excepting the variation that is usual 
in field trials, has been more or less on the 
same pattern. To test whether their yield 
behaviour could be explained on inverse yield- 
nitrogen relationship, cane stick samples were 
taken from these varieties on the day the varie- 
tal trial of 1957-58 was harvested. ‘Their nitre- 
gen content was determined and the result 
expressed on oven-dry basis. The nitrogen 
content (1957-58) and the average yield of cane 
stick in maunds. per acre of these varieties for 
four years have been given in Table I. 


TABLE I 


Percentage nitrogen (1957-58) and yield of five 
varieties of sugarcane for four years 


Av e yield of 
Mean percentage 
Varieties Nitrogen in cane cane in —— 
stick 1957-68 acre for four 
years 
Co. 453 oe 0-3440-00 752-4 + 108-60 
Co. 997 we 0-35+0-01 604-9 + 130-67 - 
Co. 617 ee 0-394 0-01 558-3 + 128-85 
Co. 957 ie 0-41+0-01 531-0 + 114-82 
Co. 313 an 0-45 £0-00 379-4 + 23-60 
From the table it is evident that the yield 


behaviour of these varieties is in conformity 
with the inverse yield-nitrogen relationship, 
indicating that under the soil and environmen- 
tal conditions of the growth of these varieties, 
their yield potential was determined, to a great 
extent, by their nitrogen content. 

As this finding has some implication in the 
selection of varieties at early stages of selec- 
tion, we are planning to investigate this relu- 
tionship for a large number of varieties in 
future, 
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’ Our thanks are due to Dr. J. T. Rao, Agrono- 

mist, for kindly providing us yield data of 

these varieties. 

Soil Chemistry Section, 

Indian Institute of 
Sugarcane Research, 

Lucknow, June 9, 1958. 
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SINGH. 
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HITHERTO UNRECORDED OCCUR- 
RENCE OF DATURA INNOXIA MILL. 
IN THE UPPER GANGETIC PLAIN AND 
THE RAJASTHAN DESERT 


In the Upper Gangetic Plain, only three spe- 
cies of Datura are known to occur, viz., D. sua- 
veolens H. and B. (Raizada!), D. metel Linn. 
and D. stramonium Linn. (Duthie?). The last 
two species are the only ones recorded from 
the Rajasthan desert. 

D. innoxia Mill., syn. D. metel, auctt. (non- 
Linn.), can be easily distinguished from other 
species of Datura by the presence of greyish 
tomentum on the whole plant; 10-toothed 
corolla, and long slender spines on the capsule 
that dehisces irregularly. 

As pointed out by Santapau,® this species has 
been wrongly mentioned as D. metel in most 
of the Indian Floras. Duthie, describing this 
species under the name of D. metel Linn. in the 
flora of the Upper Gangetic Plain and of the 
adjacent Siwalik and Sub-Himalayan tracts 
wrote, 

“T have seen no record of this species within 
the limits of this flora, though probably occur- 
ring near habitations in Sub-Himalayan tra 
Similarly there is no record of this species in 
the floristic literature of the Rajasthan desert. 

The present author, however, found this spe- 
cies quite commonly in Lucknow Dist. and else- 
where in the Upper Gangetic Plain, growing 
scattered near habitations in waste lands 
and near. water. In the Rajasthan desert 
it was noticed to occur on stabilized sand dunes. 
At Sambhar Lake, this species was found on 
the banks of small ponds in which the brine 
is collected to crystallize out the salt. In these 
halophytic specimens, the roots were rather 
swollen. 
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The absence of any record of this species in 
the earlier floristic literature of these regions 
seems to indicate that most probably this spe- 
cies has been introduced in these regions rather 
recently. 

I am highly thankful to Dr. R. N. Lakhanpal 
for going through the manuscript. 

Birbal Sahni Institute of R. K. Jain. 

Palzobotany, 

53, University Road, 
Lucknow, June 6, 1958. 
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RECORD OF A NEW PHOLAD, PENI- 
TELLA SP., FROM SHINGLE ISLAND 
(IN THE GULF OF MANNAR) WITH 

A NOTE ON ITS DISTRIBUTION 


Previous workers! have recorded, so far, four 
pholads, Jouannetia, Pholas, Pholadidea and 
Martesia, from Indian waters. During a collec- 
tion trip, in September 1956, two specimens of 
Penitella sp. Valenciennes, buried in coral rock, 
were recovered from Shingle Island in the Gulf 
of Mannar. 

The shell is oval in outline measuring 30 mm. 
in length and 17mm. in breadth. A distinct 
umbonal-ventral sulcus dividing the shell into 
two regions is present. The callum is well 
developed. The protoplax is absent and the 
mesoplax is transverse in one piece. The meta- 
plax and hypoplax are characteristically ab- 
sent. 

Turner® states that this pholad, so far as now 
known, is restricted in its distribution to the 
Eastern and Northern Pacific. The present re- 
cord of this genus tends to show its further 
distribution in Indian waters. 

Our thanks are due to Dr. Ruth D. Turner, 
Museum of Comparative Zoology, Harvard Uni- 
versity, for identifying the pholad. 

Dept. of Zoology, P. N. GANAaAPATI. 
Andhra University, R. NAGABHUSHANAM. 
Waltair, January 27, 1958. 
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MATING TYPES IN STYLONYCHIA 
PUSTULATA 


FoLttow1nc Sonneborn’s discovery of mating 
types in Paramecium aurelia, in 1937,) mating 
types were found in other species of Para- 
mecium (Jennings, 19392; Gilman, 19393; and 
Giese, 19394) and in Euplotes patella (Kim- 
ball, 19395). More recently mating types have 
been reported in Stylonychia putrina (Downs, 
1952%), Tetrahymena pyriformis (Elliot and 
Gruchy, 19527; Nanny and Caughey, 19535) 
and Oxytricha bifaria (Siegel, 1956). In addi- 
tion to these species Sonneborn (19411) inter- 
prets the observations of Maupas as indicating 
that mating types actually occur in Stylonychia 
pustulata, Leucophrys patula, Onychodromus 
grandis and Loxophyllum fasciola. But no 
attempt seems to have been made to study 
mating types in these four species. This article 
is designed to outline the general features of 
mating types in Stylonychia pustulata. 

Detailed investigations in Paramecium aurelia 
(Sonneborn, 194711) revealed only two mating 
types in a variety while in Paramecium bur- 
saria (Jennings, 19392), Euplotes patella (Kim- 
ball, 19395), Tetrahymena pyriformis (Nanny 
and Caughey, 19538), and Oxytricha bifaria 
(Siegel, 19569), revealed more than two mating 
types in each variety. Examination of a num- 
ber of stock cultures of Stylonychia pustulata 
has revealed the occurrence of three varieties 
and eight mating types. These have been 
designated in Roman numericals. The breed- 
ing relations are shown in Table I. 

TaBLe I 
System of breeding relations in 
Stylonychia pustulata 


Mating 
anety "type I I V VII VII 
I-+ 
1 
+- + + -- 
2 
v-- ++- + - - 
VI-=- ++ -- 
3 
The material was collected from canals and 
ponds of several localities, including two neigh- 
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bouring towns, Vizianagram and Anakapalli. The 
mass cultures were maintained in wheat grain 
infusion and the clones in beef extract medium, 
described by Baitsell (191212). No difficulty 
was experienced in maintaining the cultures. 
For ascertaining the mating types the clones 
were mixed in all possible combinations and the 
complimentary mating types made out from the 
mating reaction. Each mating type is defined 
by its unique property to mate with the oppo- 
site mating type. 

Pairs appeared in the suitable combinations 
of the clones in 3-4hr. after mixing. The near 
exhaustion of food after a well-fed condition 
appeared to be an essential prerequisite for 
pairing as pointed out by Kimball (19395) for 
Euplotes patella and for this reason a drop of 
culture medium was added after the clones 
were mixed. When the organisms were 
numerous the food is immediately exhausted 
and pairs soon appeared. When different mat- 
ing types were mixed, no agglutinative reaction 
was observed and the mating reaction was simi- 
lar to Stylonychia mytilus described by Grell 
(195113), 

Encystment was observed in the stocks of 
variety 1 and 2 and preliminary investigations 
revealed the occurrence of autogamy in 
variety 1. Selfing was observed in a few in- 
stances in the mating type IV and detailed in- 
vestigations on these problems will form the 
subject-matter of another communication. 

The author wishes to express his thanks to 
Prof. P. N. Ganapati for the constant help and 
criticisms received throughout the course of 
this work. 

Dept. of Zoology, 
Andhra University, 
Waltair, March 14, 1958. 


M. V. Narastmmua Rao. 
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THE OCCURRENCE OF SCYPHISTOMA 
LARVAE IN VISAKHAPATNAM 
HARBOUR 


ALTHOUGH some information is available on the 
occurrence and distribution of Scyphomeduse 
in the Indian Seas?-.8-12 there is no published 
account of the development of any of the Indian 
forms. 

While engaged in a study of the Fouling 
Organisms of the Visakhapatnam Harbour, we 
suddenly encountered a number of Scyphistomz 
on a test-panel, at Station C*®, which was heavily 
fouled by the Serpulid worm, Mercierella 
enigmatica Fauvel, during the period June- 
July 1957. They were found epizoic on the 


The Scyphistoma (Fig. 1) has a cup-shaped 
body terminating distally in an oral disc bor- 
dered by a circlet of tentacles surrounding the 


Fic. 1. MTH=Mouth; TEN =Tentacles; ST. =Stalk; 
PED. DISC. = Pedal Disc. 
mouth. The lips of the mouth project a little 
beyond the bases of the tentacles. The body is 
drawn out into a stalk which ends in a fiat- 
tened and well developed pedal disc: The 
stalks are long and muscular and the pedal 
discs apparently secrete a substance which 
makes the animal adhere to the substratum. 
The number of tentacles varied from 14-30 
depending on the stage of development. The 
entire body surface including the tentacles and 
the stalk was covered by very long cilia. All 
the Scyphistomze were profusely budding. The 
buds arise from the body-wall at about the 
junction of the stalk with the body. They first 
appear as knob-like outgrowths (Fig. 1) which 
later constrict themselves off from the parent 
after attaining appreciable sizes, but before any 
significant development has taken place. The 
type of budding observed corresponds to 


[ 
Science 
Type I reported by Berrill.! As many as four 
buds might appear at a time in the same Scy- 
phistoma. In some cases the buds may form in 
chains of two or three (Fig. 1) when the total 
number may exceed four. The buds after de- 
tachment from the parent actively swim for 
about 48 hours aided by the long body cilia and 
then attach themselves by the end which is 
opposite to the base of constriction from the 
parent. The mouth and tentacles develop at 
the distal end, after attachment. These forms 
disappeared as suddenly as they appeared, per- 
haps due to sudden lowering of salinity, con- 
sequent on heavy rains during August. They 
again made their appearance on the panels 
suspended during January-February 1958, at 
the same location. 

In December 1957, we obtained a second type 
of Scyphistomz attached to barnacle shells and 
test frames suspended at the local Naval Base. 
These specimens were smaller than the first 
type collected from Station C. They also lack 
the typical stalk characteristic of the previous 
forms and the type of budding was entirely 
different. They were exhibiting the fig-type 
buds, pedal stolons (Fig. 2) and the Hydra- 
type buds described by Gilchrist’? for Aurelia, 


Fic, 2..PED, ST. = Pedal Stolon. 


The formation and growth of the pedal stolons 
was also similar to those described by Gilchrist. 
The type of budding described for the Station C 
specimens was conspicuously absent in these 
forms. We have not obtained ephyre from 
either of the two types though they lived for 
one month in a healthy condition in the labo- 
ratory. 

While it is essential to procure the ephyre 
of the two types of Scyphistomz described, be- 
fore their identity could be correctly estab- 
lished, it seems to us, fairly certain that they 
may belong to different genera. The Scyphis- 
tome collected from the Naval Base may belong 
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to Aurelia as already mentioned. Of the 
three species of Aurelia recorded from Indian 
waters, A. aurita,1°12 A. maldivensis?,1° and 
A. solida,5.8.10-12 the last one has a wide dis- 
tribution in the Indian Seas. Rao! -has re- 
corded a single specimen of A. solida from .the 
backwaters of Visakhapatnam in the vicinity . of 
the Harbour area. It is likely that our Naval 
Base forms may belong to this species. 

The well developed stalks and pedal discs, 
the number of tentacles and the simple type 
of budding of the Scyphistomz collected from 
Station C suggest that they may belong to 
either of the three genera, Cyanea, Cassiopea 
and Chrysaora (Berrill!), all of which have 
been reported from the Indian Seas. Acromitus 
flagellatus is also another very common Scy- 
phomedusa in the coastal waters of India. the 
development of which is unknown at present. 

Incidentally this is the first report of Scy- 
phistomz on fouling panels (see “Marine Foul- 
ing and Its Prevention” for species of Foulers 
recorded!3), 

Further details of reproduction and budding 
are being worked out and will be published 
elsewhere. 

We thank Dr. W. J. Rees of the British 
Museum of Natural History for commenting on 
our Station C specimens. 

This work has been carried out with the 
funds provided by the Forest Research Insti- 
tute, Dehra Dun, obtained from various sources 
for the execution of the Scheme on “Protec- 
tion of Timber against the Marine Organisms 
Attack”. - 

Dept. of Zoology, 
Andhra University, 
Waltair, April 3, 1958. 


P. N. GANAPATI. 
M. V. LAKsHMANA Rao. 
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ABNORMAL POLLEN TUBE DEVELOP- 
MENT IN A NICOTIANA HYBRID 


INSTANCES are on record relating to multiple 
tube formation in pollen grains and also their 
forking during elongation (Maheshwari, 1950). 
Such occurrence has been reported to be fre- 
quent in members of the group Amentifere, 
where the extreme condition of ramification of 
the tube seems to have been met with. In the 

nus Nicotiana itself, Goodspeed is reported to 
ave cited cases where more than one tube from 
a pollen grain entered the embryo-sac. Dus- 
seau (1944) also reports bifurcate pollen tube 
in amphidiploid N. suaveolens x N. glutinosu 
and N. glutinosa x N. sylvestris hybrids. To 
augment the instances already reported and 
also as the phenomenon occurred in unusually 
high frequency in the present case, the follow- 
ing note on the abnormal pollen tube develop- 
ment in N. longiflora x N. alata hybrids is sub- 
mitted. 

The F, hybrid is almost sterile with about 
20% of stainable~pollen grains which failed to 
germinate on stigma of the self same flower or 
that of other hybrid flowers or of the parents. 
With a view to determine the cause for their 
failure to function, germination tests in agar- 
sucrose medium were conducted. While the 
grains were apparently inactive on the stigma, 
tube formation in the medium was very vigor- 
ous and they developed even as early as 4hr. 
after dusting. The percentage of germination 
was found to be well over 90. However, only 
about 50% of the grains produced normal tubes 
while the rest were abnormal head indicated in 
Table I. . ~ 

TABLE 
Germination in agar medium 


a Type of abnormality peony Reference 
1 Normal ++ 47 
2 More than one tube pergrain:- 14 PI. I 
3 Forking of tube near the base... 11 Pils. II & III 
4 Forking of tube in the middle... 8 
5 Forking of tube at thedistalend 4 
6 Finger-like protuberance ae 
7 Hyphz-like ramifications 


Total : Normal—47 ; 


The parental pollen were sown under similar 
conditions and normality was recorded to 100%. 
Forking of- the tubes take place either near 
the pollen grain (Plates II and III) or at the 
distal end. The arms always contain cytoplas- 
mic materials. Meiosis in the hybrid which has 
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been found to be irregular (N. longiflora, 
n= 10; N. alata, n=9 and hybrid 2n = 19) re- 
sulted in heavy tetrad abortion and the pollen 
fertility is therefore reduced to 20-30%. 

Tests on pollinating the hybrid and parental 


PLATE III 
PLATE I. Two well-developed tubes from a single 


PLATES I1 & Il. Tube forking. 


stigma with the hybrid pollen and vice versa 
revealed that a few grains germinated on the 
stigma with or without the help of agar medium 
and that abnormalities of tube development also 
occurred on the stigma even in the absence of 
any medium. 

Two facts need to be explained in the above 
hybrid, namely, (1) the cause for sterility, and 
(2) the abnormal tube production. Regarding 
the former, the available good pollen grains in 
the anther is very little and the possibility of 
all of them reaching the stigma is remote. Even 
reaching the stigma their germination is pos- 
sibly prevented due to hybrid incompatibility 
as a result of which they remain as they are 
on the stigma. Even the few grains that were 
viable produced only short tubes which could 
not penetrate the style. Further, it may be 
noted that the grains equally failed to germi- 
nate on parental stigma. It would therefor: 
mean that the apparently good grains are mostl~ 
non-functional. Added to this, the style and 
stigma of the F, may be incompatible for pol- 
len tube development. How far ovule sterility 
also exists, needs further investigation and 
work is under way. 

Regarding the production of abnormal tubes, 
it would appear that abnormalities occur with 
a higher frequency in agar medium (Table I) 
but also it is occurring even in the absence of 
the medium on the stigma. To suppose that 
agar medium would have acted as a mutagenic 
stimulant had to be ruled out since pollen of 
parental species as well as those of others, ger- 
minated in the medium, developed normal 
tubes. It would therefore mean that the ab- 
normal pollen tube growth might be the cha- 
racteristic of the hybrid pollen and is support- 
ed by the evidence cited by Sarana (1934) and 
Dusseau (1944). Such abnormal tube develop- 
ment may be adding to the sterility of the 
hybrid. 

The atithors wich to express their thanks 10 
Dr. N. R. Bhat, Director, Tobacco Research, for 
the keen interest he has evinced during these 
investigations and offering valuable sugges- 
tions. 


Central Res. K. V. KRISHNAMURTY. 
Institute, K. APPARAO. 
Rajahmundry, May 5, 1958. 


1. Dasseau, A., Bull. Soc. Bot. Fr., 1944, 91, 50-60. 
[7.2.A. 1946, 16 (1), 390.] 

2. Maheshwari, P., 42 /ntroducticn to the E: ogy 

vine of Angioperms, McGraw-Hill Book Col., N.Y., 


3. Sarana, M. Bull. Inst. Tobac. Ind. U.S.S.R., 
1934, 110, 191-219. [P.2.4., 1935, 5 (1) 138.] 
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STUDIES ON THE DIETARY REQUIRE- 
MENTS OF THE HIDE BEETLE 
(DERMESTES MACULATUS DEGEER, 
DERMESTID#: COLEOPTERA) WITH 
PARTICULAR REFERENCE TO AMINO 
ACIDS AND VITAMINS 


Tue hide beetle (Dermestes maculatus Deg.) is 
of international importance as a troublesome 
pest of dried fish, cheese, ham, hides and hide- 
products. In literature, Dermestes vulpinus 
Fab. is more often reported than Dermestes 
maculatus Deg. But according to Nuesebeck 
(1950), the correct specific name is maculatus. 

Stock cultures of Dermestes maculatus (Deg.) 
were maintained on “Dog biscuits” at a tem- 
perature range of 75-80°F. Larvze were iso- 
lated in glass dishes and small vials with appro- 
priate media. Series of twenty-four larve were 
used in each test diet. Observations were made 
on alternate dates. Records were kept on pupa- 
tion, emergence, larval time in days, number 
of instars, pupal period in days, weight of 
males and females in mg. in relation to dif- 
ferent food media. For obtaining the desired 
levels of moisture in the food media, the oven- 
drying method was used. The dietary mate- 
rials included in the experiment were casein 
hydrolysates (untreated and  vitamin-free), 
amino acids (cystein, glutanic acid, trypto- 
phane, glycine and arginine), fats (linoleic acid 
and cholesterol), carbohydrate (sucrose and 
corn starch) and salt (sodium chloride). These 
food factors were used as supplements to casein 
diet. Each test diet was replicated twenty-four 
times. The diets were changed on alternate 
days. Methods described by Fraenkel and Ble- 
wett (1943, 1954) were used to study the growth 
factors associated with yeast fraction (soluble 
and insoluble in water) in the casein diet. The 
“dog biscuit” is a mixture of meat, dried skim- 
med milk, wheat germ, dried beet, soybean 
meal, dehydrated cheese, molasses, and vita- 
min B complex, A and D. The materials were 
purchased from the Nutrition Biochemical 
Corporation, Cleaveland, Ohio. 

RESULTS 

Studies on the correlation between moisture 
levels of dietary media and the larval growth 
of Dermestes maculatus were carried out. Four 
levels of moisture (10%, 30%, 50% and 70%) 
were considered in the experiment. The “dog 
biscuit” which was reported as complete food 
was used as test diet. Twenty-four larve were 
used under each diet test. No larval growth 
was recorded at the 10% moisture level. Thirty 
per cent, moisture seems to be better than 50% 
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or 70% for the larval growth. The higher the 
moisture content of the food media, the shorter 
was the duration of the larval period, and the 
greater was the weight of the female. The 
number of females surviving under condition 
of low moisture was greater than the number 
of males. Conversely, ratio of males to females 
was greater under condition of higher mois- 
ture. It was found that optimum moisture con- 
tent of the “dog biscuit” food media was around 
30%. 

The larvze of Dermestes maculatus were able 
to synthesize necessary sugar from casein in 
the presence of cholesterol for their growth. 
Both corn-starch or sucrose as supplements to 
casein were found to be unsatisfactory with- 
out cholesterol. This agrees with the reports 
of Fraenkel and Blewett (1943). 

The amino acids (tryptophane, glycine, glu- 
tanie acid) as supplements to casein were as 
efficient as yeast. A study of B complex vita- 
mins as supplements to vitamin-free casein 
indicated that thiamine, riboflavin, niacin, 
pentothenic acid, pyridoxine and choline were 
essential. Folic acid and biotin accelerated the 
larval growth and development. 

Curiously enough, vitamin-free casein sup- 
plemented with sucrose, glutanic acid, glycine, 
tryptophane, cholesterol, salt and water, sup- 
ported larval growth of the hide beetle. Prob- 
ably the micro-organisms present in the intes- 
tine were able to synthesize necessary vitamins 
from the diet. 

A diet consisting of casein, cholesterol and 
water was close to a minimum basic diet. 
Addition of sucrose, amino acid and salts gave 
very good larval growth. When yeast was 
substituted for amino acid in the basic diet, 
the larval growth was greatly accelerated, but 
there was practically no difference in the 
weight of adults. This indicates that both yeast 
and amino acid furnished similar growth fac- 
tors. According to Fraenkel and Blewett (1942 
and 1943), the yeast contains the vitamins, bio- 
tin and choline in addition to thiamine, ribo- 
flavin and niacin and other factors of vitamin B 


complex. 

In literature it has not been demonstrated 
previously that the amino acids, such as trypto- 
phane, glycine and glutanic acid, could be used 
for the formation of certain growth factors in 
insects. Further, by increasing the quantity of 
these three amino acids, the vitamin-free casein 
diet seems to provide a basic vitamin require- 
ment of the beetle. The specific roles of micro- 
organisms present in the intestinal tract of the 
hide beetle which are able to synthesize 
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necessary vitamins from the basic diet need 
further investigation. 

The writer expresses his gratitude to 
Dr. William E. Bickley and Dr. George S. 
Langford, Department of Entomology, Univer- 
sity. of Maryland, U.S.A., for their personal 
interest and invaluable guidance during the 
course of this investigation. 
Division of Entomology, 
Bihar Agricultural College, 
Sabour, May 24, 1958. 


B. S. LAtt. 


1. Fraenkel, G. and Blewett, M., Mature (London), 
1942, 151, 703. 
' 2. —and —, Biochem. Jour., 1943 a, 37, 686-92. 
3. —and —, Jour. Exper. Biol., 1943 5,20, 28-34. 
4. — and Printy, G. E., Biol. Bull., 1954, 106, 149-57. 
5. Nuesebeck, C. F. W., Jour. Econ. Ent., 1950, 43, 
117-138. 


CHROMOCENTERS AND NUCLEOLAR 
EQUIVALENTS IN THE YEAST 
NUCLEUS 


Tue visibility of the nuclear and vacuolar mem- 
branes!-8 in living cells from five-day wort 
(S.G. 1-020, pH 4-6-4-8) cultures of Saccharo- 
myces cerevisie (NRR1. Y.567) enabled the 
accurate location of the nucleus as an extra- 
vacuolar structure. Formed structures are 
often visible in the dormant living nucleus 
(Photos 1 and 2). They often lie apposed to 


PHOTO 2. Aun intranuclear structure is lying in contact 
with the nuclear membrane. 

- PHOTOS 3 and 4. Iodine-formaldehyde acetic—Giemsa. 
PHOTOS 5 and 6. - Modified Carnoy—Giemsa. 
PuHoros 3-6. The intranuclear structures could be 

distinguished into the blue (#) nucleolar equivalents and 

the red (2) chromocenters. 

8., Blue nucleolar equivalents, Intranuclear 
stractures; WV, Nucleus; Nuclear membrane; 
Red chromocenter; Vazuol e, 


Science 


the nuclear membrane giving it an irregularly 
thickened appearance (Photo 2). Though 
Heidenhain’s hzmatoxylin yields superposable 
pictures on those of living nucleit-* separation 
of the intranuclear organelles into distinct cate. 
gories would be possible only by differential 
Feulgen preparations showed that the intra- 
nuclear structures were of two types.4 Some 
were stained by leuco basic fuchsin while the 
others had an affinity for the counterstain, 
light green. When hydrolysed material was 
stained with Giemsa, the Feulgen positive areas 
were purplish-red while the Feulgen negative 
structures were light pink. An attempt was, 
therefore, made to discover whether these two 
types of organelles could be stained differen- 
tially with Giemsa in unhydrolysed cells. 


Smears of cells with visible nuclei were fixed 
in iodine-formaldehyde-acetic acid solution? 
as well as in Carnoy’s fluid as modified by 
Lindegren et al.?7 The slides freed of traces of 
the fixatives were rinsed well in a 1:1 mix- 
ture of tap- and distilled-water and transferred 
to a staining bath prepared by diluting 4 ml. 
of Giemsa (Gurr) with 20 ml. each of tap- and 
distilled-water. 


When examined after an hour the cells 
appeared uniformly blue. The vacuole was 
unstained and in a few of the cells the chroma- 
tin was stained red. When the smears were 
carefully differentiated in 20% alcohol and 
examined as water mounts the cytoplasm and 
the nuclear membrane were blue. The intra- 
nuclear structures could be clearly separated 
into (1) the  red-stained chromocenters 
(R. Photos 3-6), and (2) the blue-stained 
(B. Photos 3-6) nucleolar equivalents. The 
staining was similar whether the cells were 
fixed in iodine-formaldehyde-acetic (Photos 3 
and 4) or in the modified Carnoy (Photos 5 
and 6). The red chromatinic (Feulgen-posi- 
tive) ‘areas were less resistant to destaining 
than the blue-stained (Feulgen-negative) 
regions. This feature was more pronounced in 
cells fixed in Carnoy. 


The intranuclear blue-stained areas show a 
wide variety of arrangement. They may be one 
(Photo 4) or more masses (Photos 3 and 6) or 
only an uneven lining to the nuclear membrane 
(Photo 5). The red-stained chromocenters 
usually lie free inside the nucleus (Photos 3-6). 
The demonstration of a nuclear membrane and 
differentially stained areas inside the nucleus 
in cells processed according to Lindegren 
et al.?7 (Photos 5 and 6) invalidates their 
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suggestion that the: organelle is only the “ 
dle with chromatin” and not the nucleus. 

Since the nucleolus of Allium’ is of the same 
colour as the cytoplasm in Giemsa prepara- 
tions, it would appear that the blue-tinted 
structures within the yeast nucleus (B. Photos 
3-6) may correspond to the nucleolar substance 
of higher organisms. The yeast nucleus thus 
assumes a conventional structure not only in 
its possession of a nuclear membrane and 
chromocenters but also in having nucleolar 
equivalents. 

I am very grateful to Dr. M. K. Subramaniam 
for his guidance and encouragement. 

(Miss) SARASWATHY ROYAN. 

Cytogenetics Lab., 
Dept. of Biochemistry, 
Indian Institute of Science, 
Bangalore, May 20, 1958. 


1. Royan, S. and ym M. K., Proc. Ind. 
Acad. Sci., 1956, 43 B, 228 

23&4.—, Tbid., 1956 a, 4B, 47; 19564, 44B, 171; 
1958, 47B, 31. 


5. Thyagarajan, T. R. and Subramaniam, M. K., /did. 
1957, 45 B, 187. 

6. Aswathanarayana,‘N V. and Subramaniam, M. K., 
Jbid., 1958, 47 B, 263. 


7. Lindegren, C. C., Williams,M. A. and McClary, 
D. O., Antonie van Leeuwenhek, 1956, 22,1. 

8. Subramanyam, S. and Subramaniam, M. K., Curr. 
Sci., 1957, 26, 360. 


THE EFFECT OF CORTISONE ON THE 
DISTRIBUTION AND CONCENTRATION 
OF ALKALINE PHOSPHATASE IN THE 
UROPYGIAL GLAND OF MALE 
PIGEONS 


Sex hormonal regulation of the uropygial gland 
has been adequately demonstrated by Selye! 
and Kar.2:3 However, the action of any extra- 
gonadal steroid on this sebaceous type of gland 
has not hitherto been reported and in view of 
this it seemed desirable to study the effect of 
cortisone, particularly on the cytochemical con- 
centration of alkaline phosphatase in the uro- 
pygial gland of. pigeons. 

Twelve adult male pigeons were used in this 
study of which 6 were injected intramuscularly 
with cortisone acetate (“Cortogen” Schering, 
U.S.A.; 4mg. daily for 7 days) and the remain- 
ing 6 were left uninjected to serve as controls. 
Autopsy followed 24 hours after.the final in- 
jections. The. uropygial glands were carefully 
dissected out, weighed to the nearest milli- 
gramme and fixed appropriately for histological 
studies. Technique of Gomori was used for 
demonstration of alkaline phosphatase, 


Letters to the Editor 


401 


Gross examinations at autopsy revealed con- 
sistent hypertrophy of the uropygial glands of 
the experimental pigeons (Table I). Histo- 

TABLE I 
pes of the weight of the uropygial glands 


Weight of uropygial 
gland Body weight at 
autopsy 
Absolute Relativet (gm. ) 
(mg.) = (per cent.) 
Uninjected 52£3-97f 0-0205 251-8343-90 
Controls (6)* 
Cortisone 86-544-39 0-0358 241-1144-01 
treated (6) 


* Figure in parenthesis indicate the number of animals. 

T Standard error of the mean. 

+ Uropygial gland weight as percentage of the body- 
weight. 


logical study also disclosed a pronounced stimu- 
lation of this. organ in cortisone-treated birds. 
This was exhibited by an accelerated develop- 
ment of the alveolar system. The lumen of 
majority of the alveoli were filled up with seba- 
ceous secretion and a pronounced hyperemia was 
also indicated in the alveolar septa. It might 
be recalled in this connection that contrary to 
the present findings, cortisone exerted practi- 
cally no influence cn the mammalian sebaceous 
glands.5 

In agreement with the findings of Kar® we 
observed that in general, the enzyme was dis- 
tributed in a diffuse manner in the gland of 
the normal birds. The connective tissue sur- 
rounding ‘the alveoli showed slight reactidn. 
The endothelium of the stromal blood vessels 
and the fibroblast cells exhibited™ a moderate 
enzymatic activity. Appreciable phosphatase 
activity was evident in the “indifferent” as 
well as cuboidal cells bordering the alveolar 
wall. The nucleus of the cells adjacent to the 
cuboidal epithelium showed moderate reaction, 
but the enzyme was totally absent from the 
cytoplasm of the cells. Almost negative re- 
actions were encountered in the rest of the 
alveolar epithelium. Moderate phosphatase 
activity was evident in the luminal epithelium 
of the duct. 

Cortisone treatment caused an augmentation 
in phosphatase activity. This. was particularly 
noticeable in ‘the basal cuboidal cells of the 
alveolus. The enzyme appeared to be almost 
uniformly distributed in the nucleus and in the 
cytoplasm of the cells. Cytoplasmic granules 
present in the alveolar epithelium also showed 
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a prominent reaction for alkaline phosphatase. 
The nuclear phosphatase activity, however, re- 
mained practically unaffected in the hormone- 
treated pigeons. In the stromal blood vessels 
the enzyme was restricted to the endothelium. 
The secretory substance in the alveolar lumen 
also showed a slight reaction for this enzyme. 
However, a remarkable mobilization of alkaline 
phosphatase was noticed in the duct epithelia. 
The results obtained in the present experi- 
ment demonstrate that alkaline phosphatase 
activity is enhanced in the uropygial gland of 
the pigeon after cortisone treatment. It is sug- 
gested that in the cortisone-treated birds, a 
physiological relationship exists between the 
hypertrophy of the uropygial gland and the 
increase in phosphatase activity as this enzyme 
is known to play an important role in the lipid 
metabolism of the holocrine glands.’ 
Histophysiology S. P. BHATTACHARJEE. 
Laboratory, A. GHOSH. 
Dept. of Zoology, 
University of Calcutta, 
Calcutta-19, June 20, 1958. 


1. Selye, H., /. Morph., 1943, 73, 401. 

2. Kar, A. B., Amat. Rec., 1947, 99, 75. 

3. —, Mature, 1949, 164, 495. 

4. Pearse, A. G. E., Histochemistry—Theoretical and 
Applied, J. and A. Churchill Ltd., London, 1954. 

5. Haskin, D., Lasher, N. and Rothman, S., /. 
Invest. Dermatol., 1953, 20, 207. 

6. Kar, A. B., Proc. Nat. Lust. Sci. Ind., 1950, 16, 41. 

7. Montagna, W., The Structure and Function of Skin, 
Academic Press Inc., New York, 1956. 


A NOTE ON APHIDS OF CALCUTTA 
AND SUBURBS WITH SPECIAL 
REFERENCE TOTHE NEWLY 

RECORDED HOST PLANT FAMILIES 
FOR SOME OF THE SPECIES 


Trt, 1955, twenty-six species of aphids had 
been known to occur in West Bengal as plant 
pests. But the present investigation leads to 
the fact that there are twenty-seven species 
of aphids, including Rhophalosiphum nym- 
phe L. which is for the first time recorded 
from West Bengal. Besides, for some of the 
known species, a few plant families are also 
recorded new, ¢.g., 

Aphis craccivora Koch.: Cucurbitacez, 
Labiate, Nyctaginaces, Scitaminacee and 
Urticacee. Aphis gossypii Glover: Amaran- 
tacese, Araliacee. Liphaphis erysimi (Kalt.): 
Araliacee, Crucifere. Myzus persice (Sulz.): 
Acanthacee, Malvacee. Rhophalosiphum nym- 
phee L.: Cactacee, Leguminose, Rhophalo- 
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Current 
siphum rufiabdominalis (Sasaki): Aracex. 
Tetraneura hirsuta Baker: Cruciferz, Sola- 
nacez. 

The authors are indebted to Dr. J. P. Don. 
caster of British Museum, London, for identify- 
ing a part of collections which helped them to 
have materials for comparison, and to Prof. A. 
Dasgupta, formerly Head of the Department of 
Botany, Bangabasi College, Calcutta, for kindly 
identifying the plant families. 

The authors express their thanks to the 
authorities of St. Xavier’s College, Calcutta, 
for granting facilities to work in Zoology Labo- 
ratory. 

Zoology Laboratory, D. N. Ray CHaupHuRI. 
St. Xavier’s College, A. K. Guosu. 
Calcutta-16, June 24, 1958. 


1. Benerjee, S.N. and Basu, A. N., Curr. Sci., 1955, 
2. Takahashi, R., Aphidida of Formosa, 1931, Pt. VI, 


HOMOLOGY OF THE PAPPUS IN 
THE LIGHT OF TRICHOME 
DISTRIBUTION 


Homo ocy of the pappus, as stated by Koch,’ 
is still open to. question. It represents a modi- 
fied calyx according to the phyllome theory 
which was supported by Cassini, Bentham, 
Worsdell, Hutchinson, etc. (cf. Small® for a re- 
view of the relevant literature). This view is 
also adopted by systematists in general as stat- 
ed by Lawrence.* Pappus is a homologue of the 
trichomes or emergences according to the tri- 
chome theory which was advanced by Warm- 
ing, Masters,® etc. This was upheld and greatly 
strengthened afterwards by Small® who studied 
the pappus of a large number of species and 
who particularly took into account its anatomi- 
cal structure. The same view was followed 
later by Koch? who considered the problem in 
the light of the vascular anatomy of the ray 
flowers of some of the Helianthee. 

Recently, pappus of Helianthus annuus L. 
and Vicoa indica DC. was interpreted as phyl- 
lomic in origin by the first author® on the basis 
of altogether a new evidence, viz., the relative 
distribution of sclerenchyma among the floral 
organs. In this note, evidence from yet an- 
other aspect is recorded which indicates that 
pappus originated from the calyx in some more 
members of the Composite. There are several 
species of the family in which the pappus parts 
have been observed to bear trichomes ‘which 
are otherwise characteristic of the vegetative 
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parts and other floral organs like the bracts, 
palez, corolla; ovary, etc. Similar to the latter 
organs the pappus parts too have an epidermal 
layer and the trichomes observed are differen- 
tiated from single epidermal initials as for 
example seen in Adenostemma lavenia O. Kze. 
(Figs. 5, 6 and 7). First the trichome initial 


FiG. 1. Rostrate filiform hair, Parthenium argentatum. 

Fic. 2, Cylindrical hair, Perthenium argentatum. 

Fic. 3. Cylindrical hair, Parthenium hysterophorus. 

Fic. 4. Biseriate gladular hair, Ariophyllum stachadi- 

folium. 

FiG, 5. Biseriate vesicular glandular hair, Adenostemma 
lavenia. 

FiG, 6, Two-celled stage of biseriate vesicular glan- 
dular hair, Adenostemma lavenia. 

FIG. 7. Two-celled stage with the dyads enlarged, 
Adenostemms lavenia. 


divides anticlinally and gives rise to two juxta- 
posed daughter-cells (Fig. 6). These cells later 
become very much enlarged in their size 
(Fig. 7). Further differentiation involves one 
to two periclinal divisions of each of the dyads 
followed by detachment of the cuticle from the 
end cells into a vesicle (Fig. 5). Trichomes 
may be limited in their distribution to the 
lateral surface of the pappus parts (e.g., C@su- 
lia axillaris Roxb.) or also occur upon the tips 
of the latter (eg., Adenostemma lavenia, 
Fig. 8). They are usually a few in number 
but denser in Adenostemma lavenia. The com- 
posites noted are as in Table I. 

In the species listed above, it is obvious that 
the pappus parts cannot be regarded as hairy- 
structures as explained according to the tri- 


chome theory, because it will amount to occur- 
rence of trichomes upon trichomes which is 
quite an improbable phenomenon. It is im- 
portant to note that the pappus parts and the 
trichomes borne by them are quite dissimilar in 
their structure as for example may be observed 
in Adenostemma lavenia (Fig. 8). The former 
are relatively massive structures and consist 


Javenia, X 
TABLE I 


No. of 
Trichome types* 
4 Name of the species be pred present on the 


pagpes pappus 
1 2 3 4 


Fic. 8. Pappus part —_ hairy epidermis, Adenostemma 


1 Adenosiemma lavenca O., 3-4 Biseriate vesicular 


Kze, glandalar hair 
2 Parthenium hysterophorus 2 Rostrate filiform 
L. hair and cylin- 
drical hair 
3 Parthenium ets" 3 do. 
y 
4 Parthenium incanum 3 do. 
H. B. 
5 Parthenium alpinum 2-3 do, 
(Nutt.) T. & G. 


Eriophyllum stachadifolium 6-9 Biseriate glandu- 
Lag. lar hair 


* The names of the trichomes are adopted from the 


thesis to be submitted shortly by the first author. 

of, apart from the hairy epidermis, ground tis- 
sue and a vascular strand. Thus, in possessing 
the three fundamental tissues the pappus parts 
structurally resemble any other reproductive 
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phyllome! such as the petal, stamen or carpel, 
and this homology itself is another evidence 
of their phyllome or calyx origin. Further, they 
are also less in number being usually not more 
than five in each of the species as is evident 
from the above list. 

It is of significance that the species were 
recorded after examining more than a hundred 
species (representing all the thirteen types of 
the family) in which many have the common 
plumose pappus consisting of numerous hair- 
like structures, called the sete. Since tri- 
chomes are not borne by the setz, therefore, 
their possession by the pappus parts which are 
massive in size and less in number as noted in 
the present species, is probably not without 
significance. In terms of the phyllome theory, 
the pappus of these species can be regarded to 
represent a primitive type since in _ size, 
structure, and number of its parts it resembles 
a typical five-merous calyx such as hypothesized 
by Koch? to have been borne by the earliest 
Composite. The setose pappus, therefore, re- 
presents a specialised form which probably 
evolved later by dismemberment of the primi- 
tive type into numerous parts. Evolution of 
this might have obviously involved origin and 
selection of such mutations which had brought 
about a division of the normal sepal primodia 
into numerous bits as are now witnessed in 
the development of the plumose pappus of, for 
example, Tridax procumbens Linn.? 

The authors are grateful to Prof. R. C. Rol- 
lins, Gray Herbarium, Harvard University, Cam- 
bridge, and Dr. B. L. Hammond, Salinas, Cali- 
fornia, for sparing the material of Parthenium 
spp. 

Dept. of Botany, N. RaMtau, 
Osmania University, M. SAYEEDUDDIN. 
Hyderabad-Dn., March 12, 1958. 
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INHERITANCE STUDY IN WHEAT 


A LARGE number of studies have been made to 
determine the mode of inheritance of typical 
characters of the various wheat species. The 
genus Triticum has at present twenty total 
number of species and subspecies.2 T. durum 
and T. turgidum both have n= 14 chromo- 
somes. The inheritance of ramified spike in 
T. turgidum and T. durum was undertaken at 
the Agricultural Research Station, Niphad, 
District Nasik, and the results obtained are pre- 
sented in this article. 


Fic. 1 


Many workers* have studied the behaviour 
of the ramified spike (branched ear) and the 
effect of day length and temperature on the 
expression of it. 

F. 434, a type with ramified spike belonging 
to T. turgidum introduced from Egypt, was 
crossed with an improved type Baxi 23,1 a 
T. durum with simple spike in the year 1952-53 
and studied in the subsequent years. The F, 
was normal, i.e., unbranched spike, was domi- 
nant to branched spike, The fertility of the 
segregates was normal. The F, observations 
are presented in Table I and in Fig. 1. 
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TABLE I 
F, segregation in the cross F. 434 x Baxi 23 


Phenotypes O—c (0—C)#/C 


Simple spike .. 280 279 +1 0-00358 
Ramified spike.. 93 -1 0-01075 
Total .. 372 372 —- 0-01433 

P : 0-90 to 0-95 X? : 0-01433 


Randomly selected 54 families were studied 
in F;. The results were as in TABLE II. 
TABLE II 
Behaviour of families (segregates) in F, 


of families (O) 
Simple ee 21 13-5 4°16 
Segregating .. 22 0-92 
Ramified ll 13°56 —2°5 0-46 
Total .. 54 54-0 0-0 5+54 
P: 0°65 to 0-1 X? : 5-54 


The goodness of fit test of the F, and F, 
results proved that segregation of the charac- 
ter ramified spike is monogenic, giving 3 sim- 
ple (unbranched) to 1 ramified spike plants. 

In the study of the inheritance of ramified 
spike in T. turgidum and T. durum at the 
Agricultural Research Station, Niphad, the re- 
sults obtained are as below. 

F, plants were with simple spikes, i.e., rami- 
fied spike is recessive. The segregation in F, 
was 3 simple to 1 ramified. The segregation of 
54 families of F, was in the ratio of one homo- 
zygous simple spike ; two heterozygous simple ; 
and one homozygous ramified spike. The re- 
sults confirmed the findings of Tschermak.® 

I am grateful to Prof. V. M. Chavan, for his 
encouragement during the study, and Dr. S. 
Soloman, for going through the manuscript and 
giving valuable suggestions. Thanks are due 
to Sarvashri Y. N. Shaikh and M. G. Tamboli 
for: their help in the fieldwork during the 
course of the present investigation. 

Agric. Res. Station, J. A. Partin. 
Niphad (Bombay State), 
April 17, 1958. 
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4. Sharman, B. C., Mature, 1944, 153, 497-99. 

5. Tschermak, E. Von, 1928, Cited by Sears, 1948. 


Letters to the Editor 


405 


NOTE ON ALTERNATE HOST PLANTS 
OF CHILO ZONELLUS SWINHOE 


Chilo zonellus Swinhe is a major pest of Sor- 
ghums and maize and occasionally of sugarcane 
and is widely distributed all over India. During 
the investigation carried out at the College of 
Agriculture, Poona, Trehan and Butani! record- 
ed this pest to breed also in Sudan grass (Sor- 
ghum vulgare var. sudanense Stapf.), Nachini 
(Eleusine coracana Gaertn.), Baru—Johnson 
grass (Sorghum halepense Pers.), Job’s tears 
(Coix lachryma-jobi L.) and Kawdia (Poly- 
toca barbata Stapf.), etc. These grasses, grow- 
ing wild in various fields, on the pastures and 
along the bunds and water channels were found 
to harbour the pest during the off-season. Simi- 
larly, voluntary jowar plants that germinated 
from the scattered seeds in the fields and farm- 
yards, etc., also afforded most suitable host, 
plants for the pest to flourish. A good many 
‘dead hearts’ were collected from these alter- 
nate hosts. A detailed study revealed that the 
maximum infestation was during the month of 
July, when the average infestation recorded was 
45°2%, 48-4%, 48-7% and 51-0% in P. barbata, 
Ardropogon sorghum, A. halepense and 
S. sudanense respectively. 

The observation recorded suggested that the 
wild grasses and the voluntary jowar plants 
definitely serve as breeding places for Chilo 
zonellus as they afford most suitable facili- 
ties for the moths, to lay their eggs on these 
plants, where they hatch out and feed on them 
till the new crop comes up. To avoid the carry- 
over of the pest it is necessary to eliminate the 
availability of these alternate hosts, for which 
clean cultivation is advocated. 

Sincere thanks are due to Dr. K. N. Trehan, 
under whose able guidance this work was con- 
ducted at the College of Agriculture, Poona. 


Pusa, Bihar, DxHAMo K. BurtTANI. 
August 17, 1957. 


1, Trehan, K. N. and Butani, D. K., /ndian J. Ent., 
1949, 11, 47-59. 


CHROMOCSONE NUMBER IN IBERIS 
UMBELLATA L. 


Exceptinc the conflicting reports on chromosome 
number!.2 no other cytological work has been 
done in Iberis umbellata L. This note deals 
with the meiotic behaviour of chromosomes in 
the species and a discussion of its probable 
chromosome number. Majority of pollen 
mother-cells at diakinesis and metaphase I had 
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nine bivalents (Figs. 1 and 3); a few, however, 
showed eight bivalents and two univalents 
(Fig. 2}. The distribution of chromosomes at 


Fics. 1-6 ( x 1,700). Meiotic stages. Figs. 1-2. 
Diakinesis. Fig. 1. Nine bivalents. Fig. 2. Eight 
bivalents and two un‘valents. Fig. 3. Metaphase I. 
showing nine bivalents. Figs. 4-5. Anaphase I. 
Fig. 4. Nine chromosomes at either pole. Fig. 5. 
Showing 8 + 10 distribution of chromosomes. Fig. 6. 
Metaphase II showing nine chromosomes in each group. 


anaphase I was quite regular, nine chromo- 
somes being clearly seen at either pole (Fig. 4). 
A few of the pollen mother-cells, however, 
showed an unequal distribution of chromosomes, 
eight going to one pole and ten to the other 
(Fig. 5). Nine chromosomes were included in 
each group at metaphase II (Fig. 6). Manton? 
working with the somatic nuclei of I. umbel- 
lata, reported fourteen as its diploid chromo- 
some number. Thomas,! however, found 2n= 
16. Our observations indicate that the haploid 
chromosome number in this plant is nine (2n = 
18). I. umbellata thus shows three types with 
reference to its chromosome number. 


We are thankful to Prof. P. Maheshwari, 
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Head of the Department of Botany, University 
of Delhi, for the facilities and encouragement. 
Dept. of Botany, P. N. Batt.* 
University of Delhi, S. L. Tanpon. 
Delhi-8, May 5, 1958. 


* Lecturer in Botany, Hansraj College, University of 
Delhi, Delhi 8. 

1. Darlington, C. D. and Wylie, A. P., Chromosome 
Atlas of Flowering Plants, George Allen & 
Unwin Ltd., London, 1955. 

2. Manton, I., Ann. Bot., 1932, 46, 509. 


CHROMOSOME NUMBER IN CHLORO- 
PHYTUM TUBEROSUM, BAKER 
THERE are more than 50 species in the genus 
Chlorophytum, Ker. distributed in the tropics 
of both hemispheres.1 Till now, the chromo- 
some number has been worked out only in 10 
species, and C. tuberosum has not been includ- 
ed in the list.2 Therefore, the authors presume 
that the haploid chromosome number (n= 8) 
determined for C. tuberosum, to have been re- 

ported here, for the first time. 


Fic. 1. Diplotene 8,;. FIG. 2. Anaphase-I. Bridge 
with fragment. FIG. 3. Pollen mitosis N=8. FIG. 4. 
Pollen mitosis anaphase. All photomicrographs at 

ification, X 1,000 ca. 

C. tuberosum is found in abundance growing 
as a weed during early monsoon in Poona, It 
is reported that C. tuberosum is also sometimes 
cultivated in gardens as its tender leaves are 
used as ‘Pot herbs’ and its flowers as orna- 
mentals, kept in vases. It is a short-lived, 
small herb with tuberous roots. The leaves are 
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TABLE I 
Chiasma frequency at diplotene in C. tuberosum 
Chaismata 
No. of 
P.M.C.’s Total for 50 P.M.C.’s Per cell Per each bivalent 
examined 
Interstitial Terminal Interstitial Terminal Interstitial Terminal 
50 780 370 15°6 1-3 
1-4 1-3 
Total 1150 23-0 1-3 0-0 
1-2 1-1 
2-2 1-3 
3-0 1-1 
3-1 1-2 
2-1 0-0 


sessile, radiate, falcate, recurved and wavy. 
The plant bears white flowers during July- 
August. Although the plant soon dies off, dur- 
ing the next monsoon, the underground tubers 
once again sprout up. 

Chromosome number was determined by 
meiotic studies. For this purpose, flower-buds 


were fixed in Carnoy’s (6: 3:1) and perma- 


nent Feulgen and Propiono-carmine squashes 
were prepared. At diplotene (Fig. 1), diakinesis 
and metaphase-I of meiosis in microsporocytes, 
there were 8 bivalents. The chiasma frequency 
per bivalent observed is presented in Table I. 

At anaphase I (Fig. 2), 0-12% abnormality 
in the form of inversion bridges with frag- 
ments were noticed. Pollen mitosis (Fig. 3) 
also revealed the haploid number to be 8, in 
C. tuberosum. Anaphase of pollen mitosis 
(Fig. 4) was, however, normal. 

The presence of inversion bridges indicates 
structural hybridity of the C. tuberosum spe- 
cies. Sheriff (1957)* reports spontaneous 
chromosome inversions in C. elatum, R.Br. The 
genetic role of inversions in evolution has been 
well brought out by Dobzhansky (1955). 

A critical study on the cytological behaviour 
in the genus Chlorophytum where spontaneous 
inversion hybrids are suspected, has been now 
undertaken. 

Botany Dept., 
College of Agriculture, 
Poona-5, May 2, 1958. 


L. S. S. Kumar. 
H. K. SHama Rao. 
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A PRELIMINARY STUDY OF COLCHI- 
CINE-INDUCED POLYPLOIDS OF 
ALYSSUM MARITIMUM LAM. 


THE authors have recently published work done 
on Colchicine-induced tetraploidy in Iberis 
amara L. and Linaria vulgaris.1-%.7.8 This paper 
deals with a similar type of work on Alyssum 
maritimum (Sweet Alyssum) which is an im- 
portant winter annual garden plant. 

The apical growing points of 46-days old seed- 
lings having 8 leaves on an average, were 
covered with small cotton wads which were 
kept moist with aqueous colchicine solution. 
The treatments employed were 0-05, 0-10 and 
0-20% colchicine solution for 6 and 12hr. Ten 
plants were used for each treatment. The most 
successful treatment was found to be 0-20% 
colchicine solution applied for 6hr. The leaves 
which came out after the treatment were longer, 
broader, thicker, more rough and deep green in 
colour as compared to those of the control. The 
average thickness of leaves in the control and 
the polyploid was 327-254 and 500-50 respec- 
tively. The deep green colour of the leaves in 
the polyploid plants was found to be due to 
the presence of more numerous and larger 
chloroplasts. The epidermal hairs, epidermal 
cells, stomata, cells of the palisade and spongy 
parenchyma of leaves in the polyploids were 
larger than those of the control. The guard 
cells -of the stomata of the untreated plants 
average 21-28 in length and 5-47 in width 
as compared with an average length and width 
of 44-59 and 11-75 respectively in the poly- 
ploids. The number of stomata per sq. mm. in 
the control and polyploid was 221-68 and 83-13 
respectively. 

Flowering was delayed and extended in the 
polyploid plants. The polyploids had conspicu- 
ously large flowers. The pedicel, sepals, petals, 
stamens, pistil, ovules, fruit, seed and embryo 
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of the polyploid plants showed a general en- 
largement over their counterparts in the con- 
trol. It may, however, be mentioned that a 
few of the polyploid plants showed a reduction 
in flower size. The percentage of pollen ferti- 
lity in the polyploid plants was rather low, the 
averages for the control and the polyploid be- 
ing 95-58% and 76-06% respectively. The fer- 
tile pollen grains of the polyploids were larger 
than those of the control, the average diameter 
of the pollen grains of the polyploid and the 
control being 39:52 and 21-68 respectively. 
Fruit and seed-setting in the polyploids was 
extremely poor but this handicap could possibly 
be overcome by leaving a larger number of 
plants for seed collection. 

The colchicine-treated plants were cytologi- 
cally analysed. Squashes of pollen mother-cells 
were stained with aceto-orcein. The meiotic 
chromosome numbers of the control plants and 
the polyploids were determined as 12 and 24 
respectively. It is worthwhile to mention here 
that taking the genus Alyssum as a whole, the 
naturally occurring A. maritimum is at a tri- 
ploid level.5.6 The artificially induced poly- 
ploids would thus represent a hexaploid condi- 
tion. The control plants showed 12 bivalents at 
diakinesis and metaphase I. The distribution 
of chromosomes at anaphase I was mostly regu- 
lar in the control plants, 12 chromosomes going 
to either pole. The details of meiosis in the 
naturally occurring triploid A. maritimum have 
been reported elsewhere. Many of the possible 
configurations showing varying numbers of 
quadrivalents, bivalents and univalents were 
seen in the preparations of the polyploid 
plants. Twelve quadrivalents were also 
seen at diakinesis. In some of the pollen 
mother-cells the distribution of chromosomes 
was quite regular but in many of them a few 
chromosomes were seen to lag behind resulting 
in the unequal distribution of chromosomes. In 
a few pollen mother-cells anaphasic bridges 
were also observed. The wall formation in the 
control and polyploid was of the simultaneous 
type. Formation of varying numbers of multi- 
valents, lagging chromosomes at anaphase, and 
formation of chromosome bridges, etc., may be 
the probable causes for low pollen fertility and 
consequently poor fruit and seed-setting in the 
polyploids. 

We are thankful to Prof. P. Maheshwari, Head 
of the Department of Botany, University of 
Delhi, for the facilities and encouragement. 


P. N. BAtt.* 
S. L. TANDON. 


Dept. of Botany, 
University of Delhi, 
Delhi-8, May 5, 1958. 
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IODINE CONTENT OF SOME INDIAN 
FODDER PLANTS 


AccorDING to Underwood,* subnormal levels of 
iodine in soils and hence in foods and waters 
of certain parts of the world can be correlated 
with the incidence of goitre in humans and 
animals. However, there is no data on the 
iodine content of Indian plants and foods e:- 
cept Lander’s? who found that goitre was noto- 
riously prevalent in Kashmir and some of the 
districts of the Himalayan foot-hills in the 
Punjab and that the iodine content of fodder 
plants from Kangra and Murree were far lower 
than those of the plains. 

The iodine content of pasture plants, though 
of no significance to the plants themselves are 
of profound importance to the animals depend- 
ent upon them. A preliminary survey of the 
iodine status of the grassland soils of Western 
India revealed that the total iodine content was 
negligible, varying from 0-00 to 0-91p.pm 
Therefore, the iodine content of some important 
fodder plants was determined by the method of 
Houston! and the minimum, maximum and the 
mean contents of iodine in 22 species are re- 
ported in Table I. 

Table I shows that the fodder plants of 
Western India contain very low amounts of 
iodine. The maximum iodine e¢ontent was 
0-076 p.p.m. in a sample of Dicanthium annu- 
latum and the minimum was 0-002p.p.m. in 
Pseudenthistiria heteroclita. The range in the 
average iodine content of the samples was from 
0-006 to 0-048 p.p.m. A few common weeds of 
the grasslands (samples 19 to 22) which were 
also analysed for their iodine content did not 
appear to contain any significant amounts. The 
outstanding feature of the data are the wide 
variations in the iodine content of the same 
species as well as of different species growing 
in the same locality and soil type. 

Russel? has shown that New Zealand pas- 
tures contain from 0-024 to 0-072 p.p.m. iodine 
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sity of TABLE I 
Iodine content of some fodder plants and weeds 
Hort, (in p.p.m. of dry matter) 
No of 
No. Name of Species Min. Max. Mean samples 
Pseudenthistiria heteroclita Hk. 0-002 0-034 0-021 6 
2 Themeda triendra Forsk. ee 0-008 0-023 0-018 10 
3 Themeda tremula Hk. ee 0-001 0-009 0-006 5 
1957, 4 Licanthium annulatum Stapf. .* 0-012 0-076 0-045 8 
5 Ischemum ciltare Retz. oe 0-010 0-039 0-026 6 
6 Cyrm’opogon martini Stapf. ee 0-006 0-047 0-017 4 
1 Eulalia fimbriata Bl. & Mc. . 0-009 0-027 0-014 5 
s Arthraxon m:boldi: Stapf. ea 0-011 0-040 0-0°2 6 
IAN 9 Aeteropogon ccn'ortus Beauv. = 0-024 0-068 0-046 10 
10 Arundinclla tenella Lawii. 0-010 0-054 0-073 4 
ll Spodivpogon albidus Benth. =. 0-014 0-043 0-029 4 
ls of /ndigofera tinctoria Linn. 0-023 0-040 0-035 6 
yaters § 13 Crotolaria triguetra Dalz. ee 0-011 0-031 0-020 4 
slated § 14 Aeylanitia latebrosa DC. 0-004 0-010 0-006 8 
; and 15 Crotolaria lini folia Linn. 0-009 0-027 0-018 4 
16 «© Alysicarpus vazinalis DC. °° 0-021 0-053 0-038 6 
tho 17 Smithia sensitrva Ait. 0-008 0-026 0-012 5 
$ @i- § 18 Zornia diphylia Pers. 0-026 0-049 0-052 6 
noto- § 19 Glossocardia linzarifolia Cav. 0-014 0-020 0-015 6 
f the % #£Borreria stricta Schum. — oo 0-005 0-016 0-006 4 
21 Lindernia ciliata Linn. . 0-021 0-036 0-024 4 
 Vicoa indica DC. 0-041 0-052 0-048 4 
lower |} whereas English pastures contain from 0-21 to S. luteum and S. verbascifolium, growing wild 
ough 0:84 p.p.m. Lander’s values for the iodine con- in Northern India, have not so far been pro- 
3 are tent of the Punjab grasses appears to be rather perly investigated and nothing is known re- 
end- high, varying from 0-118 to 0-902 p.p.m. The garding the nature of alkaloids, present in them. 
€ the fodder hays from the goitre areas of Murree A systematic study of the berries of these spe- 
stern | #2d Kangra, contain according to him, from _ cies was therefore carried out. 
. was | 9118 to 0-380 p.p.m. iodine. Probably these Coarsely powdered dry berries were extracted 
p.m. samples were contaminated. As compared io with alcohol in a sauxhlet. The solvent was 
stent Lander’s values, the fodder plants of Western removed and the alkaloid extracted with 5% 
od of | dia appear to be very poor in their iodine acetic acid. The fatty matter and other extra- 
i the | content. However, it was beyond the scope of neous impurities were removed by shaking the 
» re. | this investigator to study whether goitre is pre- aqueous solution with petroleum ether and 
valent in the area. A co-ordinated approach by benzene, after which the gluco-alkaloid was 
s o the Veterinary and Agricultural Departments precipitated with ammonia. It was repeatedly 
ts of | MAY yield interesting results. crystallised from alcohol. 
was | Dept. of Botany, (Miss) Jaya G. IvER. p=, The gluco-alkaloid was subsequently hydro- 
nnu- § Institute of Science, ( -liysed with 5% hydrochloric acid, decomposed 
». in {| Bombay-1. June 10, 1958. *y with ammonia and crystallised from alcohol. 
te | ——_ The alkaloid obtained was further character- 
1. Houston, F. G., Anual.'Chem , 1950, 22, 493. ised by i its a 1 derivati The 
from preparing cety vative. 
2. Lander, P. E , 7.C.A.R. Misc. Bull., 1942, 16, 113. 
ds of 3. Russel, F. C.. Aberdeen Tech. C cmmuns., 1944, results of our observations are given in Table I. 
were No. 15. -w Mixed melting points with gluco-alkaloid 
| not 4. Underwood, E. J., T'vace Elements in Human‘and solasonine and alkaloid solasodine, isolated 
The Animal Nutrition, Academic Press, 1956. from S. xanthocarpum, were taken and no de- 
wide > pression was observed. When alcoholic solution 
same A SHORT NOTE ON SOME OF THE of the alkaloid was treated with sulphuric 
wing INDIAN SOLANUM SPECIES acid, a green fluorescence, characteristic of sola- 
Nearty 20 Solanum species grow wild in India sodine, was produced. The alkaloid also gave 
pas- | and some investigations have been carried out characteristic colour reaction with anisaldehyde 
sdine J °n many of these. However, Solanum indicum, and hydrochloric acid. 
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TABLE I 


Solanum indicum 


S. verbascifolium S. luteum 


Gluco-alkaloid Softened at 192°; m p. 275-78° Swells at 190°; m.p. 276-78° Softened at 228°; m.p. 273-75' 
(decomp. ) (decomp. ) (decomp. ) 

Alkaloid hydrochloride -- m.p 308-10° m.p. 304-05° m.p. 305-08° 
Alkaloid m.p. 201-02° m.p. 201-02° mp 201-02° 
Acetate of alkaloid m p. 191-93? m.p. 191-92° m.p. 189-91° 

A perusal of the above shows that all the Dept. of Botany, RAMJI SHARMA, 
above solanum species contain the gluco-alka- Holkar College, R. M. Pare..* 
loid solasonine, which on hydrolysis with 5% Indore, April 28, 1958. S. S. Mocue. 


hydrochloric acid yields the alkaloid sola- 
sodine. 

Regional Res. Lab., 
Jammu, 

June 10, 1958. 


S. S. CHAupDHaRY. 
VisHwa PAUL. 
K. L. Hanna. 


OCCURRENCE OF ISOETES IN 
MADHYA PRADESH 


THERE are about 65 species! of Iscetes but only 
four have been recorded in India. These are 
I. coromandelina L.,?:3 I. sahyadrii,A I. sampat- 
kumarani® and I. dixitei.6 So far, none have 
been recorded from Madhya Pradesh, one of 
the largest States of India. The authors have 
observed a species of Iscetes growing abund- 
antly at Omkareshwar and this note deals with 
the preliminary aspect of its occurrence. 

Omkareshwar is a famous sacred place of 
Hindus, situated on the banks of River Nar- 
bada. Its height is 579-7’ above sea-level and 
the climate is not much different from that of 
Indore. 

One of us (Mr. Patel), while visiting this 
place on 9th October 1955, accidentally dis- 
covered Iscetes plants growing with grasses, in 
a slow-running temporary stream. Subsequent 
observations of this locality in different sea- 
sons, for about 3 years, clearly indicate that 
this plant has a definite growing season, which 
starts in mid-June, i.e., after the beginning of 
monsoon and continues till October. In addi- 
tion to the short span of life, these plants are 
very much restricted in distribution, as it is 
clear from their absence in similar places with- 
in a radius of 7 miles. 

The plants vary from 15-5cm. to 40cm. in 
height and are mostly bisporangiate with a defi- 
nite order of arrangement of the sporophylls. 

The species reported here differs from the 
previously described species and is in all prob- 
ability a new one. However, further critical 
study is continued to ensure this. 


* Department of Biology, P.M.B.G. College, Indore, 

3 M., A Text-Book of Cryptogamic Botany, 

2. Mc Cann, C., Jour. Bom. Nat. His. Soc., 1934, 31. 

3. Ekambaram, T. and Venkatanathan, T., /our. /ad. 
Bot. Soc., 1933, 12. 

4. Mahabale, T.S., Curr. Sci., 1938, 7. 

5. Rao, Narayan, L., /did., 1944, 13. 

6. Shende, D. E., /our. Bum. Uni., 1945, 14 (New 
Series). 


OCCURRENCE OF A GREEN JASSID- 
EMPOASCA SP.—ON SESBANIA 
SPECIOSA L. - 


AN instance of a heavy occurrence of a small 
green jassid belonging to the genus Empoasca, 
was noted for the first time on Sesbania spe- 
ciosa L. during 1955 at the Agricultural Re- 
search Station, Aduthurai, where this greer 
manure plant used to be raised as a pure crop, 
to a large extent, year after year, for the 
manuring of paddy. The pest flared up into 
sudden prominence on the crop during the 
month of September. Due to the sucking acti- 
vity of the adults and nymphs of the insect, 
the leaves turned pale, shrivelled up and shed 
in large numbers. Attempts made towards the 
control of the pest revealed that D.D.T. 5% 
dust was quite effective. Application of the 
chemical by means of a rotary duster at the 
rate of about 20lb. per acre secured an ex- 
cellent extermination of the pest in the course 
of about 48 hours. 

Subsequently, the insect was found invading 
the bitter gourd. The application of H.E.T.P. 
0-1% spray was quite suitable as it secured an 
effective control of the pest and was at the 
same time free from any phytocidal action. 

The author’s thanks are due to the Head of 
the Division of Entomology, Indian Agricul- 
tural Research Institute, New Delhi, for kindly 
identifying the insect as Empoasca sp. 

Agric. College and Res. E. V. ApRaHaAM. 

Inst., Coimbatore, 

June 16, 1958. 
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REVIEWS 


Energetics in Biochemical Reactions. By Irving 
M. Klotz. (Academic Press, New York), 1957. 
Pp. xv +502. Price $ 12.80. 

The increasing tendency to interpret biologi- 
cal phenomena in terms of conceptions that 
have advanced our knowledge of simple che- 
mical reactions leaves the average biologist be- 
wildered. The thermodynamic approach in the 
usual run of monographs generally keeps them 
off. While one may expect from the title an 
approach of the Bronsted school, fortunately for 
the non-professional physical chemist the pre- 
sent monograph deals largely with the classi- 
cal approach. The lucid treatment of thermo- 
dynamics by Professor Klotz in an earlier mono- 
graph leads one to expect a clear non-mathe- 
matical exposition, which can be readily fol- 
lowed by a non-mathematician and the reader 
will not be disappointed. The concepts of energy 
and of entropy are clearly presented with suit- 
able examples (there may be difference of opi- 
nion in one or two instances) and the student 
is led on to free energy and its relation to 
concentration. The basic concept of group trans- 
fer, electrochemical relationships and a glimpse 
of molecular statistics follow in succeeding 
chapters. The book can be safely recommended 
to any biologist who desires to acquire a read- 
ing knowledge of the language of the physical 
chemist without the rigours of a mathematical 
approach used by the specialist. The book is 
well produced and free from misprints. 

S. V. ANANTAKRISHNAN. 


Guided Weapons. By E. Burgess, F.R.AS. 
(Chapman & Hall, Ltd. London), 1957. 
Pp. 255. Price 25 sh. 

It is impossible at the present time to write 
a really satisfactory book on guided weapons 
owing to the classified nature of much of the 
most interesting material. This book makes a 
very laudable attempt to present all the avail- 
able information on current and past weapons 
in a form to suit the “intelligent layman”. 

The first four chapters deal with the princi- 
ples on which missiles are designed and cover 
propulsion, guidance, control and testing pro- 
cedures. The presentation is completely non- 
mathematical and draws its examples, as far 
as possible, from current equipments which are 
sometimes given in a degree of detail some- 


what at variance with the general nature of 
the main argument. . 

The next three chapters deal with actual mis- 
siles, ground-to-air, air-to-air, air-to-ground and 
ground-to-ground, and the final chapter deals 
with production and development problems. 
‘che examples in this part of the text are al- 
most wholly taken from German war-time pro- 
jects and American current developments, 
the little information that is given on British 
weapons is largely a matter of conjecture. 

The amount of available unclassified informa- 
tion varies considerably from weapon to wea- 
pon which makes it difficult for the author to 
preserve a uniform narrative style. The read- 
ability of this part of the book is further mar- 
red by quoting an unnecessary number of de- 
tailed mechanical dimensions, each of which is 
given both in inches and centimetres. Since 
these figures are repeated in tables at the end 
of each chapter, they could, with advantage, 
have been largely omitted from the script. 

The general format of the book is good and 
the text is profusely illustrated with drawings 
and photographs, many of them of actual wea- 
pons in flight or on the launcher. Each chap- 
ter ends with an impressive list of references, 
mainly to magazine articles, and the book ends 
with a bibliography and a useful index. 

CH. S. 


Atomic Radiation Dangers and What They 
Mean to You. By H. W. Heckstall-Smith. 
(J. M. Dent & Sons, Ltd., London, W.C. 2), 
1958. Pp. xii+106. Price 7 sh. 6d. 


This little monograph presents the effects of 
natural radiation, man-made, industrial, medi- 
cal and similar radiations, as also A-Bomb, H- 
bomb and atomic plant radiation on us in an 
impartial manner. Publication of a book of this 
type is to be welcomed, particularly because 
nowadays observations on the effects of radia- 
tion do not reach us in an unbiassed form. The 
subject is of topical importance in view of the 
activities of the big powers concerning the 
manufacture and testing of atomic weapons. The 
author aims at presenting facts in a proper per- 
spective—“facts of ignorance as well as facts of 
knowledge and at making them understandable 
by non-scientists’’. 

The book is divided into eight chapters in the 
first two of which are given the necessary in- 
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troductory information regarding atomic radia- 
tion and their effect on living creatures. Then 
follow three chapters dealing respectively with 
natural radiation, man-caused radiation and 
nuclear explosions. The next two chapters are 
on the genetic danger and the cancer danger 
caused respectively by radiocesium and 
radiostrontium. The last chapter is on hazards 
associated with nuclear reactors and the les- 
sons one ought to learn from accidents like 
those which occurred at the Chalk River and 
Windscale. 

The author has given the main facts with- 
out assuming any previous knowledge so that 
the book can be read and understood even by 
“ordinary readers” who are not men of science. 

This is indeed a book which every thinking 
man ought to read and study and thereby 
assess the real situation regarding the dangers 
of atomic radiation and atomic tests in their 
proper perspective. Any one who reads the 
book even in a cursory way will at once realise 
two important things. One is that there is per- 
haps a shortage of high level scientific men 
compared to the high level responsible work 
which has to be carried on. The other is that 
unbiassed knowledge about the hazards associat- 
ed with atomic energy is not sufficiently wide- 
spread. S. Rama Swamy. 


Film Formation, Film Properties, and 
Film Deterioration. By Charles R. Bragdon 
(Technical Editor). (Published by Inter- 
science Publishers, Inc., New York), 1958. 
Pp. 422. Price $ 9.75. 

This publication typifies how a group of 
energetic men interested in paints and varnishes 
can make a positive contribution to the basic 
understanding of the phenomena which occur 
during life-time of a ‘paint’ film. It represents 
the resutls of a co-ordinated programme of re- 
search conducted over a decade by a team of 
experts in the field and organised by the Fede- 
ration of Paint and Varnish Production Clubs, 
a technical organisation of the Paint and Var- 
nish Industry in the United States of America. 

How this research programme was visualised, 
various projects chalked out, results were cor- 
related and evaluated are described in Chapter 
I. Chapters II and III describe the pre- 
paration of various compounds like driers, paint 
vehicles, esters and their pigmentation, under 
standard conditions and procedures so that uni- 
formity and comparability of results could be 
achieved. The gain in weight of the test films, 
analysis of the films and their solvent resisi- 
ance are dealt with in detail in Chapter IV 
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supported by a number of tables of results. Data 
obtained by infrared and ultraviolet spectro- 
scopy of the various paint films are brought out 
well in Chapter V to augment the results ob. 
tained by chemical analysis. Outdoor expo- 
sure tests and accelerated weathering in a Wea- 
ther-Ometer accompanied by hardness and 
abrasion tests are described in the two subse- 
quent chapters. Correlation of results of out- 
door tests with those of Weather-Ometer is dif- 
ficult and a rough estimation has been made 
after making a few allowances. Alkyds are 
reported to be markedly superior to the esters 
in the series of samples prepared. The next 
two chapters are devoted to yellowing, dimi- 
nishing of gloss, porosity, permeability, water 
and alkali resistance of organic coatings men- 
tioned in the project programme. Chapter X 
describes the oxygen penetration and shrinkage 
of films while Chapter XIII deals with oxi- 
dation studies. The protection afforded by a 
paint film depends on its adhesion and ability 
to withstand the strains developed during the 
various seasons. Stress and strain properties of 
paint film are given in Chapter XI. In the 
next chapter molecular size, shape and weight 
of paint film are evaluated. In the last but 
one chapter a survey of the entire project is 
made by statistical analysis of data obtained in 
various projects. All the results obtained from 
various projects are summed up in the last 
chapter and appropriate conclusions are drawn 
from the results of data. The present studies 
have demonstrated that no formulation is pos- 
sible that will be ideal with respect to all 
desired properties of a paint film. 

The book has been well compiled with care 
and at the end of each chapter references have 
been cited. The editor has dealt with the large 
amount of experimental data in an effective 
fashion and this book will be of interest to all 
those who wish to understand about the com- 
plexity of paint formulation and will provide 
a stimulus to further research in this field. 

S. KRISHNAMURTHY. 


The Chemistry of Natural Products, Vol. 1 
(The Alkaloids.) By K. W. Bentley. (Inter- 
science Publishers, Inc.), 1957. Pp. vii + 237. 
Price $ 4.00. 


This is the first volume of a series planned 
by Interscience Publishers Inc., on the chemis- 
try of natural products. Only recently, a five- 
volume treatise has appeared on the chemistry 
of alkaloids under the editorship of Dr. R. H. F. 
Manske. The task of presenting the same sub- 
ject in a brief volume of less than 250 pages is 
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pound to offer difficulties in the matter of choice 
and emphasis of topics. Dr. Bentley has discus- 
sed the elucidation of structure of represen- 
tative members from various groups of 
alkaloids. Only the minimum information re- 
quired to arrive at a particular structure is pre- 
sented. In many cases if the same material 
is presented as an examination answer by 
students, it will be considered inadequate. 
Students will find it difficult to comprehend 
the chapter on biogenetic relationships, in 
which the treatment is mainly through formu- 
le. There is a danger of the student 
ascribing reality to the numerous compounds 
postulated as intermediates in biogenetic path- 
way, unless the speculative nature of these 
schemes is emphasised. The author could have 
cut down his treatment of the morphine alka- 
loids and included material on the Rauwolfia and 
Amaryllidacee alkaloids on which a great deal 
of work has been done in recent years. It is 
unfortunate that although the formule are 
clearly drawn, there are a number of errors. 
The book will certainly prove useful to 
students preparing for examinations. The 
good format and the reasonable price are 
features in favour of the book. T. R. G. 


Semimicro Qualitative Organic Analysis. (The 
Systematic Identification of Organic Com- 
pounds.) (Second Edition.) By Nicholas D. 
Cheronis and John B. Entrikin. (Interscience 
Publishers, Inc.), 1957. Pp. 774. Price $9.00. 


The volume under review runs to 774 pages 
and is undoubtedly the most comprehensive 
book available on qualitative organic analysis. 
Part I, occupying 158 pages, is concerned with 
a clear description of the equipment and tech- 
niques used in organic analysis. The authors 
are not content with describing only the sim- 
pler apparatus required at the undergraduate 
level but deal exhaustively with semi-micro 
apparatus of various types which will be found 
to be of great value to the research worker. The 
inclusion of adsorption, partition and ion-ex- 
change chromatography among purification pro- 
cedures is an excellent feature. Techniques of 
determination of physical constants like melt- 
ing and boiling points, refractive index and 
optieal rotation are fully described and the 
application of these data in the characterisation 
of organic compounds discussed. 

Part II, occupying 160 pages, is concerned with 
procedures for the tentative identification of 
organic compounds. One of the most valuable 
features of this Part is the section on general 
tests for functional groups. Many novel reagents 


are introduced, which are rarely described in 
other books on qualitative organic analysis. An 
unusual feature is the inclusion of the use of 
infrared spectroscopy in the detection of func- 
tional groups. This must have been donein 
order to impress upon the student: the advances 
made recently in techriques, rather than with 
the purpose of training the student in infared 
spectroscopy. It is doubtful whether even in 
the prosperous United States, undergraduates 
will be given access to these costly instrumenis 
for routine use in qualitative analysis. The 
treatment is too brief to be of use to the re- 
search worker. 

Part III, occupying 212 pages, is concerned 
solely with the methods for the preparation of 
derivatives of organic compounds, Few other 
books deal at such great length or incorporate 
such useful details on the preparation of a 
variety of derivatives. This Part of the book 
will be of invaluable help to the research worker 
who is often faced with the problem of obtain- 
ing crystalline derivatives of compounds en- 
countered in the course of research for purposes 
of analysis and characterisation. 

In Part IV, the physical constants of a large 
number of organic compounds with different 
types of functional groups and of suitable deri- 
vatives of these are presented. This section 
will be extremely useful to the student in iden- 
tifying the organic compound on which he has 
carried out a systematic analysis. 

The massive size of the book and its high 
price will make it unsuitable for use by under- 
graduates in India studying chemistry, since 
the time devoted to organic qualitative ana- 
lysis is very brief. Teachers in charge of in- 
struction in organic analysis, post-graduate stu- 
dents and research workers will find the book 
invaluable. The book deserves to be known and 
used more widely than at present in institutions 
in India teaching organic chemistry. R 


Disinfectants—Their Values and Uses. By 
W. E. Finch. (Chapman & Hall, Ltd., Lon- 
don), 1958. Pp. 188. Price 30 sh. 


There are quite a number of books on anti- 
septics which are valuable for reference and 
study. The book under review is somewhat 
different because it is not just a compilation of 
known work on the subject but it is the fruit 
of the rich experience of the author who has 
spent most of his working life in trying out 
details of assessing the value of various disinfec- 
tants and has himself had to work out formu- 
lations which are most efficacious. 

The author has made critical analysis of 
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existing tests for evaluating antiseptics and 
stresses the importance of environment in the 
technical procedures. : 

The book contains nine chapters with a glos- 
sary of words and phrases and has both an 
author’s index and subject index. Adequate 
references are given at the end of each chap- 
ter. 

A chapter is devoted to formulation methods 
and the principles involved. Few books contain 
such detailed account of this subject which 
appear to be very important in producing active 
and stable disinfectants. The mysteries of the 
black and white fluids and the lysol types are 
explained as no other book does. 

The chapter on surface sterilisation of fabrics 
like blankets and that of the skin is very en- 
lightening as these do not just pass on informa- 
tion gleaned from other sources but also con- 
tain details of experiments which are of spe- 
cial interest. 

The chapter on Hypochlorites is very welcome 
as there is an inclination to discredit these cheap 
and older disinfectants. 

The chapters on Q.A.C. and substituted phe- 
nols are well worth reading. In these days of 
indiscriminate use of antibiotics and other 
chemotherapeutic agents, it is refreshing to know 
that the older antiseptics have still their own 
place. 

This is a timely publication and, as Profes- 
sor H. Berry points out in his Foreword, the 
book is certain to be welcomed by research 
workers, manufacturers and all those users of 
disinfectants who take an intelligent and res- 
ponsible interest in these important products. 

d., 


The Leukemias. (Etiology, Pathophysiology and 
Treatment.) Edited by J. W. Rebuck, F. H. 
Bethell and R. W. Monto. (Academic Press, 
New York), 1957. Pp. vii+ 711. Price 
$ 13.00. 


The book records the proceedings of an Inter- 
national Symposium on the Leukemias, organ- 
ised by the Henry Ford Hospital, Detroit, from 
March 8-10, 1956. It has been stated in its 
Preface that it “is in a very real sense the 
result of co-operative effort”. Almost every 
facet of the subject such as the structure and 
antigenicity of the leukemic cell, the genetic and 
environmental factors in the transmission of the 
disease, radiation biology of leukocytes, the 
physiology of leukocytes and the various che- 
mical, diagnostic and nosological problems con- 
cerning the disease, as well as its modern 
therapy, have been discussed by leading research 


Current 
Science 


workers in these different fields with admirable 
clarity. 

The advances made in the knowledge of the 
group of diseases (Leukemias) during the last 
30 years have been far-reaching but complex. 
Consequently, to get a fair appraisal of these 
advances it was necessary, not only to study the 
problems of the finer structure of cells with 
electron microscopy, but also with the aid of 
“immunological, biochemical, metabolic, micro- 
biologic, endocrine, genetic, toxicologic and iso- 
topic routes”. 

In the latter half of the volume, an attempt 
has been made to present as complete a bio- 
chemical picture as possible. Part VI, for exam- 
ple, deals with fundamental studies on amino 
acid and nucleic acid metabolism in leukemic 
patients. The excretion of f-amino isobutyric 
acid and studies with cystein metabolism in leu- 
kemic patients reported by Awapara and Weis- 
burger respectively are noteworthy. Particularly 
interesting are the results obtained with sele- 
nium cystein as an anti-leukemic substance. The 
paper by Krakoff on the excretion of uric acid 
in human patients treated with various anti- 
leukemic drugs needs special mention. On the 
basis of serum uric acid determinations 2 to 3 
times a week and daily uric acid excretion in 
patients, certain tentative hypotheses have been 
advanced “about the mechanism of the uric acid 
abnormality in leukemia and the relationship 
of this mechanism to the therapeutic measures 
which have been found to have some favour- 
able effect upon the disease”. This is all the 
more important because it deals with human 
leukemic patients and thus it is free from errors 
of extrapolation of data from experimental 
animals to humans. The presentations of Bucha- 
nan et al. on “specific action of azaserine” and 
that of Goldthwait on “Purine nucleotide bio- 
synthesis and neoplasia” are excellent and may 
be quoted as models for the study of the mecha- 
nism of action of drugs at enzymic levels. An 
in vitro method of screening anti-leukemic 
drugs reported by Winzler may provide a use- 
ful tool, particularly since the number of anti- 
leukemic drugs is rapidly increasing. 

One of the main obstacles to effective cancer 
chemotherapy is the occurrence of drug resist- 
ance, about which very little is known at pre- 
sent. In this context the papers by Nichols on 
“Resistance to Folic Acid Antagonists” and that 
by Hutchison on “Drug Resistant S. faecalis” are 
stimulating and welcome contributions. How- 
ever, the best part of the volume comprises the 
proceedings of the round table discussion on 
treatment. In this Wintrobe has discussed the 
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criteria for evaluation of therapeutic responses, 
Farber, a pioneer in the field of chemotherapy 
of leukemia, has reviewed his experience with 
antifolics and Burchenal has reviewed the re- 
sults of combination therapy of 6 mercapto- 
purine and azaserine. Hill and Gellhorn have 
presented their data on chemotherapeutic trials 
with corticoids and Damashek has reviewed his 
experiences with newer agents like TEM and 
Myleran. Clinical trials with newer antimitotic 
substances analogous to colchicine are reviewed 
by Moeschlin. 

This book will prove very useful not only to 
clinicians but also to persons who are inter- 
ested in leukemia whether in the clinic or in 
the laboratory and could be recommended as 
a baseline study for all further work on this 
subject. V. R. K. 


The Species Problem. Edited by Ernst Mayr. 
(American Association for the Advancement 
of Science), 1957. Pp. v + 1-395. Price $ 8.75. 


It is at once extremely interesting and 
challenging that in spite of two centuries of 
analysis, the “Species” remains a problem. it 
could almost be said that of all problems in 
biology here is one that has continually defied 
solution. Several attempts have been made in 
the past to find a solution, but every time the 
“Species Problem” has raised its head with 
greater vigour and persistence, with the result 
that in the middle of the 20th century, we 
are still debating it. 

There is however one definite improvement 
in position. We seem to understand the problem 
better today than we ever did before. We also 
understand the difficulties that are in the way 
of its solution, more clearly. And that is one 
definite forward step. We realize also that 
hasty and dogmatic assertions are not likely to 
contribute to its solution. That is another for- 
ward step too. 

That is because the almost limitless diver- 
sity of plant and animal life may not permit 
the application of one single standard yardstick 
to measure the species concept. What are the 
criteria that one has to employ for the deter- 
mination of a species? Are these criteria of 
universal application to all animals and plants? 
If they are not, is there not something wrong 
with the concept of species itself, as we now 
understand it? Shall we modify it in some 
way so we can make it applicable to all organ- 
isms? These are some of the questions raised 
(but not necessarily answered) at the sympo- 
sium of the A.A.A.S. in 1955, Perhaps for the 
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first time, students of varied disciplines in bio- 
logy have come together to discuss it. For, 30 
years ago, who would have thought that phy- 
siologists, embryologists and geneticists would 
sit together to discuss the problem which was 
regarded as the exclusive preserve of the sys- 
tematist, with occasional permission for a mor- 
phologist to enter briefly? 

For it is now recognized that the species 
problem is a universal problem impinging on 
every aspect of biological thought. You may 
define it as you like, you may push it afar or 
draw it near but its presence is ubiquitous and 
pervasive. 

Nine papers were presented at the Sympo- 
sium, Ernst Mayr contributing two. Mayr was 
eminently fitted for the task of co-ordinating 
the discussions as its Chairman. His analysis 
of speciation among birds is among the lasting 
contributions to biological thought of this cen- 
tury. He was therefore able to present not 
only different concepts and definitions of spe- 
cies as he does in his first essay, but also the 
difficulties that beset the student of species, ir 
his last contribution. Carson, from the geneti- 
cist’s view-point, looks upon species as a sys- 
tem of recombining genes,—a gene pool,—from 
which continually, smaller units of recombina- 
tion, with varying degrees of isolation, are 
given off, resulting in different levels of integ- 
ration. 

Verne Grant’s analysis is from the view- 
point of a field botanist. He recognizes a con- 
tinuous and gradual process of evolution from 
individual to population, from population to 
race and race to species. The extensive occur- 
rence of asexual means of propagation among 
plants often nullifies this process but is more 
than made up by other advantages like hybrid- 
ization, which occurs far more freely among 
plants than among animals, and which is prob- 
ably the largest single factor responsible for 
plant speciation. The two striking examples 
chosen by Brooks for his analysis of speciation 
in fresh-water animals——the crustacean Daphnia 
and the whitefish Coregonus,—illustrate the 
amazing variations that emerge from the same 
genotype and reflect “the ability of the geno- 
type to prosecute successful development over 
the wide range of environmental conditions 


occurring in the fresh-waters that these ani- 
mals inhabit”. An added difficulty is the occur- 
rence of several variable species of both genera 
in the same environment resulting in extensive 
hybrid formation and introgression. The spe- 
cies problem in these two organisms and pos- 
sibly in other fresh-water animals is therefore 
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of a quite different nature. When we come to 
fossil species, however, we notice there is much 
controversy and even confusion. Incompleteness 
of fossil records, and an almost entire reliance 
on morphological traits of limited category, 
contributes to this difficulty and it is at once 
recognized that the palzontologist works in a 
rather circumscribed area. Sonneborn’s “mas- 
terly synthesis” deals with problems of specia- 
tion in the Protozoa, particularly among ciliates, 
whose peculiar population structure is perhaps 
responsible for many aspects of their reproduc- 
tive patterns. He has dealt with the whole 
problem of variation in these organisms, the 
inadequacy of morphological and physiological 
criteria for determining species. With the newer 
knowledge about serology, host-parasite rela- 
tionships and reproductive phenomena, it can 
now be seen how delicate the species is balanc- 
ed in the Protozoa. Moore relates the astonish- 
ing variations in embryological adaptions in 
closely related organisms often regarded as 
species but with geographical isolation, and 
makes a plea for an adequate recognition of 
environmental factors on development in any 
delineation of species. Prosser brings in evi- 
dence of many physiological characters, espe- 
cially stress tests, that can provide evidence of 
variation in natural populations. This is 
as yet a new discipline and further in- 
formation about physiological variation is neces- 
sary; but analysis of cellular and enzymatic 
processes and their variations in different organ- 
isms would undoubtedly throw a great deal of 
light on the problem of species at this level. 

As Mayr says, “it would be too much to ex- 
pect the Symposium to solve the species prob- 
lem”, but there is no doubt it has made a solid 
contribution to its understanding. 

B. R. SESHACHAR. 


General Microbiology. By R. Y. Stanier, 
M. Doudoroff and E. A. Adelberg. (Mac- 
millan & Co., Ltd., London), 1958. Pp. xxii+ 
682. Price 50 sh. 


Last two. decades have witnessed rapid 
advances in qur knowledge of biology of micro- 
organisms and in regard to the elucidation of 
their chemical activities that it has become 
impossible for any individual to canvass com- 
pletely and digest adequately all the information 
available even in one specialised field of micro- 
biology. The task becomes all the more difficult 
to a beginner in the subject as he is unable 
to interpret properly the reviews, research pub- 
lications and monographs intended for readers 
at an advanced level with the result he is left 
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with materials difficult to digest. This book, 
written by three experienced professors in the 
subject, is an answer to his quest for a well- 
organised text-book in General Microbiology. 
What is more, the book covers almost the entire 
field of the subject and provides not only the 
necessary “Biological Background” for a better 
“comprehension of the elements of microbio- 
logy” but conveys succinctly a modern synthesis 
of microbiological knowledge in a fascinating 
way to make the text one of absorbing inter- 
est. 

The book is appropriately divided into three 
parts, the first two parts corresponding roughly 
with two major phases of microbiology, viz., 
“The Properties of Micro-organisms”, and “The 
Ecology of Micro-organisms”. The third part is 
devoted rightly to a review of the principles of 
cellular biology which would enable the stu- 
dent not only to have a better grasp of the 
material presented in the other two parts but 
also for a proper appreciation of biological 
sciences dealing on such important topics as 
matter and origin of life, energy and life, natu- 
ral selection, genetics, taxonomic categories, 
classification, etc., all of which have been sum- 
marised in an admirable way for the reader. 
Another feature of this book is that its running 
text material is not disturbed with references 
and the new student has not to, in consequence, 
encounter any formidable bibliographies at the 
end of every chapter. A judicial selection of a 
score of books with critical appreciation thereof 
is however given for those interested in cover- 
ing wider aspects of the field. 

Part I consists of 19 chapters, and Part Il 
consists of next 11 chapters and all these to- 
gether cover adequately the major groups of 
micro-organisms, their ecology and interrela- 
tionships. Important topics as “Principles of 
Chemotherapy”, “The Dynamics of Disease in 
Populations”, and “The Exploitation of Micro- 
organisms by Man” have beer dealt with sepa- 
rately. Every chapter is preceded with a table 
of contents pertaining to that chapter and this 
should prove of immense help to a_ beginner 
to locate easily any text material. 

The type used is large and clear and is 
arranged in a fashion which is inviting and con- 
ducive to reading. Names of micro-organisms 
and all new and/or technical words are itali- 
cised. The style of writing is simple, clear and 
expressive. The volume is profusely illustrated 
with excellent graphs, photographs, photomicro- 
graphs, electron micrographs and diagrams 
which help fully explain the principles and 
practice of microbiology. In short, the book 
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serves the purpose intended, is moderately 
priced, and should find wide acceptance as a 
teaching tool for the teachers and a valuable 
text-book for the students of microbiology and 
as such is warmly recommended. J. V. B. 

Lectures in Immunochemistry. By Michaei 

Heidelberger. (Academic Press, New York), 

1956. Pp. ix+ 150. Price. $ 4.00. 

This volume consists of nine lectures deliver- 
ed by the author during the last ten years, six 
of which were given at the University of Tokyu, 
Japan, in 1955. 

The first lecture, Immunochemistry—Past, 
Present and Future—deals with the historic 
development of immunochemistry under the im- 
pact of the introduction of quantitative micro- 
methods on the chemistry of antigens and anti- 
bodies. The second lecture discusses the nature 
of the antigens and the antibodies and the 
theories of antibody formation. The develop- 
ment of quantitative analytical methods, utilis- 
ing the nitrogen-free antigen and partly puri- 
fied antibody as applicable to precipitin re- 
actions and the kinetics of these reactions are 
lucidly presented in the third lecture. Bacte- 
rial agglutination and the consequences of quan- 
titative studies on the precipitin and agglutinin 
reactions; relations between constitution and 
immunological specificity and complement and 
immune hemolysis are the titles of the other 
three lectures in this series. 

These six lectures present to the readers a 
comprehensive account of Immunochemistry, a 
branch of science still in a highly speculative 
and experimental stage. 

The close relation between the theoretical and 
the practical, as exemplified by the application 
of the fundamental principles of the science of 
immunity to public health, and persistence of 
antibodies in man after immunization and some 
facets of precipitin reaction form the conclud- 
ing chapters of this instructive booklet. 

M. Srrstr. 


An Atlas of Air-borne Pollen Grains. By H. A. 
Hyde and K. F. Adams. (Macmillan & Co., 
Ltd., London), 1958. Pp. xvi+ 110. Price 
36 sh. 

Palynology is one of the modern integrative 
sciences that has its ramification in such diverse 
fields as taxonomy, climatology, archzology, 
medicine, phytopathology, etc. Some very 
valuable publications on the subject have 
appeared during recent years but regional sur- 
veys, especially illustrated ones like the Atlas 
in question, will always be most welcome. 

This Atlas is an excellent little book based 


on investigations that extended over a period 
of 15 years and that were intended primarily 
“to form the bakground to the study of in- 
halant allergy”, the authors being associated 
with Asthma and Allergy Research Unit of 
St. David’s Hospital, Cardiff. It comprises 
112 pages of fine art paper carrying about 
190, unnumbered black and white micro- 
photographs of pollen belonging to 92 species 
caught from the air in Great Britain at 15 dif- 
ferent collecting stations. Most of these species 
were identified by the authors from the vege- 
tation growing in the neighbourhood of col- 
lecting stations. While majority of the species 
identified are obviously anemophilous, some 30 
of them are such as are usually regarded ento- 
mophilous. 

After a brief half-a-page Preface, there fol- 
lows a three-page Introduction in which. the 
authors state their objective and give some 
details on: technical methods; the morphology 
of the pollen grain ; measurement ; and contents 
and arrangement. This is followed by a di- 
chotomous “key to air-borne pollen grains”. As 
a result of a “master key”, six types of grains 
are recognised—compound, vesiculate, inapertu- 
rate, porate, colpate and colporate. These are 
further sorted out into genera. This is perhaps 
the most useful part of the text. 

The main part of the book is a “descriptive 
catalogue of air-borne pollen grains’, that is, 
in two parts. Part I is devoted to angiosperms, 
and Part II to gymnosperms represented only 
by the Coniferz. In Part I, the arrangement is 
alphabetical by families and genera respec- 
tively, while in Part II, it is alphabetical by 
genera. 

The plan of treatment of material is the 
same in all cases. For pollen of every species 
there is a brief enumeration of salient features 
concerning exine, furrows, polar fields, pores, 
intine, etc., and two (occasionally one or more) 
microphotographs, one showing one or more 
pollen grains in optical section and the other 
the same in surface view. All the photographs 
have been taken at a magnification of 800 dia- 
meter. Most of them are exceptionally clear 
and collate well with the description. 

At the end there is a brief glossary of “mor- 
phological terms” and “conventional terms” 
followed by a select bibliography of a dozen 
references and a brief index. 


The reviewer is somewhat disappointed at the 
scant attention paid to the text. The title of 
the book demands that some information should 
have been given about the methods used in 
trapping air-borne pollen, the changes that the 
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pollen undergo during their flight, and the dif- 
ficulties encountered in handling them in labo- 
ratory. As it is, the title of the book appears 
to be somewhat inappropriate as here the em- 
phasis is on air-borne pollen while in the text 
and illustrations the emphasis is on fresh pol- 
len, of course obtained mostly from anemophi- 
lous plants. 

Despite these shortcomings the Atlas is a 
valuable addition to the current growing lite- 
rature on palynology. Both the authors and 
the publishers deserve our congratulations for 
the excellent photographs and perfect repro- 
duction. V. Port. 


Books Received 

Solid State Physics. (Advances in Research and 
Applications), Vol. IV. Edited by Frederic 
Seitz and David Turnbull. (Academic Press, 
Inc.; India: Asia Publishing House, Bom- 
bay-1), 1957. Pp. xiv +540. Price $ 12.00. 
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Rockets, Missiles and Space Travel. By Willy 

Ley. (Chapman & Hall, London W.C. 2; Asia 

Publishing House, Bombay-1), 1957, Pp. xv + 
528. Price 50 sh. 


Electronic Measuring Instruments. Second 
Edition. By E.H. W. Banner. (Chapman & 
Hall, London W.C. 2; Asia Publishing House, 
Bombay-1), 1958. Pp. xvi + 496. Price 56 sh. 


Organic Electrode Processes. By Milton J. 
Allen. (Chapman & Hall, London W. C. 2; 
Asia Publishing House, Bombay-1), 1958. 
Pp xiv + 174. Price 32 sh. 


Disinfectants, Their Values and Uses. By W.E. 
Finch. (Chapman & Hall, London W. C. 2; 
Asia Publishing House, Bombay-1), 1958. 
Pp. 188. Price 30 sh. 


Satellites and Spaceflight. By Eric Burgess. 
(Chapman & Hall, London W. C. 2; Asia 
Publishing House, Bombay-1), 1958. Pp. vii + 
159. Price 21 sh. 


SCIENCE NOTES AND NEWS 


Two New Improvements in Electromagnetic 
Weighing 


Mr. D. N. D. Kaikiny of the Craftsman Elec- 
tronic Corporation (Private), Ltd., Bombay-10, 
writes as follows: An electrobalance for micro- 
analytical weighing is a necessary adjunct in 
any well-equipped research laboratory. Its 
application is especially useful with tests under- 
taken by means of a microscope, microtome, 
spectrograph, spectrophotometer, colorimeter, 
polarograph, etc., involving microgram weigh- 
ing. The passing of a measured current through 
the coil of a d’Arsonval movement to counter- 
balance the load applied to the pointer, is the 
most common method. 

However, the new improvement of operating 
the electrobalance on a 6 volts dry battery is 
distinct progress, because it eliminates (i) the 
Mains power fluctuations, and (ii) the use of 
special bulb which hinders operation by break- 
down due to.various causes. These special 
bulbs are hard to obtain in the market. The 
6 volts dry battery method offers most simpli- 
fied operation giving readings in a secand or 
two. Secondly, the provision to remove the 
weighing compartment to a considerable dis- 
tance enables operation in inaccessible places, 
such as hot radiation cells, dry boxes, etc. 

These improvements will undoubtedly lessen 
the chores of the research worker. 


Super-High Pressures—Age-old Dream Comes 
True 


The -physics of super-high pressures opens 
out a large vista of research providing good 
promise of unexpected results in various 
branches of science. For example, it has been 
determined that solid materials obtain new pro- 
perties when placed in a liquid compressed to 
several tens of thousands of atmospheres. 

The combination of high pressures and 
temperatures made it possible for the old dream 
of scientists to come true. It is known that 
diamond and graphite consist of the same atoms 
of carbon having only a different arrangement. 
Many attempts were made to change the crystal 
lattice of graphite and convert it into diamond. 
It became possible to develop an enormous 
pressure of 427 thousand atmospheres during one 
test but only at room temperature and the goal 
of obtaining diamond was not reached. It turned 
out that small artificial diamonds could be ob- 
tained at a temperature of nearly 3,000° and at 
a pressure of 100,000 atmospheres. The import- 
ance of this discovery is exceptionally. great 
though the cost of such diamonds is higher than 
that of natural ones. 

The combination of high pressures and tem- 
peratures made it possible for scientists to ob- 
tain also very hard crystals by combining boron 
with nitrogen thereby producing borazon, The 
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hardness of the latter exceeds that of diamond 
and it is so great that borazon leayes scratches 
even on diamond which is the hardest natural 
material. It should be noted that unlike  dia- 
mond, borazon can be used with success at 
temperatures upto 2,500°C.—Laboratory of 
Physics of Super-High Pressures, USSR Aca- 
demy of Sciences. 


Satellite Anniversary 


October 4, 1958 marks the anniversary 
of the launching of the first artificial earth 
satellite. The launching of the Sputnik I on 
October 4, 1957 marked the beginning of the 
conquest of cosmic space by man. The first 
satellite made 1,400 circuits round the earth, 
covering about 60 million kilometres in the 
course of 92 days. Sputnik II, which carried 
the dog Laika, existed for 161 days and covered 
more than 100 million kilometres making 2,370 
circuits round the earth. Sputnik III, weighing 
1,327 kg., and its carrier rocket are now circling 
our planet. It has already covered nearly 100 
million kilometres. The initial period of about 
106 minutes has declined by 2-1 minutes and 
is now 103-85 minutes. Accordingly, the apogee 
has decreased by 190km. and it is now 
1690km. The wireless transmitter, fed from 
a solar semi-conductor battery, has been reliably 
functioning for the past 4% months. The auto- 
matic control of all scientific and measuring in- 
struments is effected by devices based exclu- 
sively on semi-conductors of which several 
thousand elements had been installed in it. The 
information received with the help of the Sput- 
niks throws new light on many aspects of the 
physics of the troposphere. 

Place 


Transuranic Elements —Their in the 


Periodic Table 


The ten new elements ranging from neptu- 
nium (Z= 93) to nobelium (Z = 102), constitute 
a new group analogous in electronic structure 
to the rare earth elements. This implies that 
the 5 f-electron shell is progressively filled. It 
would have its maximum complement of four- 
teen electrons in the hitherto undiscovered ele- 
ment of atomic number 103. This electron 
assignment is based, first, on the analysis of 
the emission spectra of some of the elements in 
question. Secondly, the magnetic properties are 
analogous to those of the rare earth elements. 
Thirdly, crystal structure determination of many 
solid compounds of the new elements have en- 
abled values of ionic radii to be assigned. These 
Show a decrease as the series is ascended, which 
Parallel closely the well-known lanthanide con- 
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traction in the rare earth series. Absorption 
spectra of the transuranic elements also show 
characteristic sharp absorption bands, associat- 
ed with transitions within the shielded 5 f- 
level. 

Chemically, the new elements differ from the 
rare earths in that, instead of having predomi- 
nantly a valency of three, higher values are 
found. This is associated with the great ease 
with which the electrons are lost. - 

The maximum valency of 6 is most stable in 
uranium, but it is also observed in neptunium, 
plutonium and americium. Curium and berke- 
lium, the next two elements, have valencies of 4, 
but, so far as is known, the higher members of 
the series are restricted to a valency of 3. 
(Prof. H. J. Emeleus in his Presidential Address 
to Section B of the British Association Meeting 
in Glasgow, Nature, 182, p. 579.) 


A New Stage in the Development of Astronomy 


At a Meeting of the International Astrono- 
mical Congress in Moscow on August 14, 
Dr. Lallemand (France) reported that French 
scientists had succeeded in obtaining the spec- 
tra of remote galaxies which had hitherto been 
beyond the reach of ordinary astronomical in- 
struments. They had used instruments of a new 
type—electron-optical converters—which greatly 
amplified the brightness of heavenly bodies. 

The rays from remote galaxies fall on a highly 
sensitive cathode in the instrument and cause 
it to emit an electron beam. After passing 
through an elaborate system of amplifiers, the 
beam is reproduced on a luminiscent screen, on 
which a greatly amplified image of the galaxy 
appears. Electron-optical conversion is 50 to 100 
times more sensitive than ordinary photogra- 
phy. 

The new instrument has also proved effective 
in. photographing the Sun and the use of the 
combined method has turned out to be far supe- 
rior to ordinary photography, particularly in 
recording rapid changes in the Sun’s corona. The 
time of the exposure can be reduced by this 
method to between one-fifth and one-tenth of 
what was previously required and there was no 
blurring in the photographs. 


Important Discovery on Nucleons 


The results of experiments with the proton 
synchrotron of the Joint Nuclear Research: Insti- 
tute in the town of Dubna, near Moscow, where 
a technique has been developed for obtaining 
purified beams of anti-protons,. prove that there 
are two types of nucleonic collisions—peripheral 
and central. During peripheral collisions the 
nucleons retain their individuality, ie., the 
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proton remains a proton and the neutron re- 
mains a neutron. It is possible that in the central 
collisions protons are transformed into neutrons 
and vice versa. In both types of collisions light 
particles—mesons—are formed ; when the colli- 
sions are central their number increases many 
times over. 

The important discovery leads to the conclu- 
sion that elementary nuclear particles have two 
regions—a periphery or a kind of envelope, and 
a core. This was announced by Academician 
Viadimir Wexler at the Atoms for Peace Con- 
ference in Geneva. 


Potassium Chloride from Sea Bitterns 


At the Central Salt Research Institute at 
Bhavnagar, a simple and economic process has 
been developed for the recovery of potassium 
chloride from sea bitterns, which are now 
largely allowed to go waste. Bittern is the name 
given to the oily liquid which remains after 
the extraction of salt from sea-water. 

India’s annual production of sea salt is about 
3 million tons. The bitterns let to waste after 
the recovery of sodium chloride have been 
found to contain appreciable quantities of potas- 
sium chloride and it is estimated that as much 
as 80 to 85 thousand tons of potassium chloride 
could be recovered from them. 

The bitterns are concentrated to the required 
degree by solar evaporation and treated with 
lime slurry to precipitate the magnesium sul- 
phate. The supernatant liquor containing most- 
ly potassium chloride and chlorides of sodium 
and calcium is further concentrated until most 
of the sodium chloride and potassium chloride 
crystallise out. From the product, so obtained, 
potassium chloride is separated by further crys- 
tallisation. 


Kit for Detection of Ghee Adulteration 


The Central Food Technological Research 
Institute, Mysore, has devised a cheap and sim- 
ple Ghee Testing Kit which makes detection of 
ghee adulteration easy. 

The kit consists of a marked test-tube, a seal- 
ed capsule containing a little acid, a sealed 
capillary containing some other chemicals, and 
a cutter. The testing itself is a simple process 
and can be easily understood and mastered. 
The main attraction of the kit, however, con- 
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sists in its inexpensiveness. The entire kit (in- 
cluding chemicals) costs about 8nP., and the 
recurring cost of each test does not exceed 
3 nP. 


Fourth Congress on Theoretical and Applied 
Mechanics 


The above Congress will be held at the Ben- 
gal Engineering College, Howrah (Calcutta), 
from December 28-31, 1958, under the Presi- 
dentship of Dr. S. R. Sen Gupta. 

Research papers to the Congress will cover 
the following subjects: 

1. Elasticity-plasticity-rheology; 2. Fluid 
mechanics (Aerodynamics-hydrodynamics) ; 
3. Mechanics of solids (Ballistics-vibrations- 
friction-lubrication); 4. Statistical mechanics— 
thermodynamics—heat transfer ; 5. Mathematics 
of physics and mechanics-methods of computa- 
tion ; (6) Experimental techniques. 

Further information regarding the Congress 
can be had from the Secretary-Treasurer 
(Dr. B. R. Seth), Indian Institute of Techno- 
logy, Kharagpur. 


IX International Botanical Congress 


The Ninth International Botanical Congress 
is to be held in Montreal, Canada, in August 
19-29, 1959. 

Dr. T. S. Sadasivan of the University of 
Madras has been invited to act as a Vice-Chair- 
man of the Phytopathology Section. Dr. T. V. 
Desikachary has been invited to organize a 
symposium on “Electron Microscopy and Algal 
Structures”. 
Birbal Sahni Institute of Palaeobotany, 

Lucknow 

The Eleventh Annual Scientific Meeting of 
the Palzobotanical Society will be held at the 
Institute’s premises on the 17th and the 18th 
of January 1959. The programme chalked out 
includes lectures, reading of papers and dis- 
cussions. Palzobotanists from all over India 
are expected to participate. 


Award of Research Degree 
Poona University has awarded the Ph.D. 


merization of Dehydrated Castor Oil”. 


1015-58. Printed at The 


Bangalore Press, Bangalore City, by C. Vasudeva Rao, Su 
Published by A. V. Telang, M.A., for the Current Science Association, 
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INJECTABLES — Safe and Dependable 


TRADE <> MARK 
A wide range of parenteral preparations for meeting the growing requirements 
of the Medical Profession'are now being processed in our Laboratories. They are 
made from Standard Chemicals empleying double distilled and PYROGEN FREE 
water. Their containers (Ampoules) undergo rigid neutrality tests before they are 
selected for use. These Injectables are therefore guaranteed to be absolutely 
safe and dependable. 


The following are but a few of our well-known Injectables : 


RETICULIN .. A Potent extract of Liver 

@ HEXOPURIN .. «+ +. An urinary Antiseptic 

@ CALCITOL .. «+ «+ Injectable Calcium Gluconate 
@ BEVITAMIN Vitamin B, 

@ CEVITAMIN . ‘ad Vitamin C 

@ GLUCOSE SOLN... .. .. Pure Dextrose 


The Mysore Industrial & Testing Laboratory Ltd. 
Malieswaram P.O., Bangalore 3 


Bengal Chemical and Pharmaceutical Works, Ld. 
The Largest, Chemical Works in India 


Manufacturers of Pharmaceutical Drugs, Indigenous Medicines, Perfumery, Toilet 
and Medicinal Soaps, Surgical Dressings, Sera and Vaccines, 
Disinfectants, Tar Products, Road Dressing Materials, etc. 
Ether, Mineral Acids, Ammonia, Alum, Ferro-Alum, Aluminium 
Sulphate, Sulphate of Magnesium, Ferri Sulph., Caffeine and various 
other Pharmaceutical and Research Chemicals. 
Surgical sterilizers, Distilled Water Stills, Operation Tables, 
Instrument Cabinets and other Hospital Accessories. 
Chemical Balance, Scientific Apparatus for Laboratories and 


Schools and Colleges, Gas and Water Cocks for Laboratory use, 
Gas Plants, Laboratory Furniture and Fittings. 


Fire Extinguishers, Printing Inks. 


Office: 6, GANESH CHUNDER AVENUE, CALCUTTA-13 
Factories: CALCUTTA = - ‘BOMBAY - KANPUR 
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ZEISS MIRROR MONOCHROMATOR 


Range: From to 40+. 


An indispensable instrument for all kinds of selective 
measurements 


VEB CARL ZEISS JENA 


Sole Agents 
GORDHANDAS DESAI PRIVATE LTD. 


SIR PHEROZSHAH MEHTA ROAD, BOMBAY 1 


7, MISSION ROW EXTENSION 4/2B, ASAF ALI ROAD 22, LINGH!I CHETTY S1 REET 
CALCUTTA! NEW DELHI MADRAS 1 
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Branches at: 


Perkin-Elmer 


presents 
a new 
concept 
in 
Infrared 
Analysis 


The development by 
Perkin-Elmer of the new 
Infracord* Spectrophoto- 
meter means more than 
just low-cost, simplified 
infrared analysis at the 
bench chemist level. When 
teamed up with P-E’s 
well-known Model 21, the 
Infracord Spectrophoto- 
meter opens up a whole 
new concept in analytical 
programming. 

* Trademark of Perkin-Elmer Corporation 


InNnSTRUMENT 


Model 137 Infracord Spectrophotometer— a low cost 
instrument with an efficient double beam optical null system 
which provides the speed, energy, short path length and 
resolution necessary for good qualitative and quantitative 
analysis. Rugged and compact, the Infracord gives the 
chemist a fast answer and permanent record of his work— 
right at the bench. 


Model 21—the standard instrument for infrared analysis; 
a double beam recording spectroph offering com- 
plete flexibility in resolution, spectral presentation and 
recording speeds, and a complete range of accessories, 
including scale expansion for trace analysis. Calibrated 
wave-length with standard optics covers both the near 
infrared and the fundamental regions of the spectrum. The 
Model 21 is used in more industrial and academic laboratories 
than any other infrared instrument. 


The speed, simplicity and analytical versatili 
of the Infracord Model 21 
meters an ideal for 
raw materials c elopment and 
quality control. Perkin-Elmer, the world’s 

ing manufacturer of infrared instruments, 
can help you effect important savings in 
laboratory time and process efficiency through 
the use of an Infracord-Model 21 instrument- 
ation programme. 


Contact Exclusive Distributors 


Perkin-Elmer Gyno BLUE STAR 


NORWALK, CONNECTICUT 


PSBS-103 


BLUE STAR ENGINEERING 
CO. (Bombay) PRIVATE LTD. 


KASTURI BUILDINGS { 
JAMSHEDJI TATA ROAD, BOMBAY 1! 


at CALCUTTA, DELHI, MADRAS 
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ORGANIC CHEMISTRY 
9th Revised Edition 
By P. B. SARKAR, D.Sc., F.N.I. 
Director of Technological Research 
Indian Central Jute Committee 
First Published 1942 9th Fd. 1957 
vi+490 P. 84x54 Rs. 8 


“It stands on its own merit and needs no 
further recommendation.” 


Pror. E. B. SINGH 
H. D. Jain College, Arrah. 


INTERMEDIATE PHYSICS 
Sy N. N. BASU & J. CHATTERJEE 


16th Edition, 1956. In Two Vols. D/D Size 


Lucid exposition, up-to-date information, 
numerous worked out examples, all-India 
examination questions, and neat diagrams 
are the features of this standard work. 
Popular all over India. Covers all-India 


University syllabuses. 
Rs. 6 Each Vol. 


ENGINEERING ECONOMICS 
By Pror. S. K. NANDI 
Indian Institute of Technology, Kharagpur 
WITH A FOREWORD BY 
Dr. J. C. GHOSH 
Member, Planning Commission 
Recommended as a Text-Book by Univer- 
sities, Engineering Colleges and Technologi- 
cal Institutions, Highly spoken of by eminent 
educationists. Rs. 8 


INTERMEDIATE 
CHEMISTRY 


By Pror. P. K. DUTT, M.Sc. 
Presidency College, Calcutta 


’ 6th Revised Edition, 1958, 550 pp. Rs. 6-25 
With Organic Chemistry Rs. 7-25 


A complete course, in lucid style, with up- 
to-date information. It fully covers the 
all-India University and Higher Secondary 
School syllabuses. 


‘H. CHATTERJEE & 
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19, SHYAMA CHARAN DE STREET, CALCUTTA 12 


A-TEXT-BOOK OF HEAT 
(for Junior Students) 
8th Revised and Enlarged Edition 
By M. N. SAHA, D.Sc., F.R.S. 


AND 


B. N. SRIVASTAVA, D.Sc., F.N.I. 
Prof. of Physics, Indian Association for the 
_ Cultivation of Science, Calcutta 


It commands a monopoly sale as the best 
book on the subject and fully covers the 
syllabuses of Indian and Pakistan Univer- 
sities. Cloth Bound, Rs. 9 


ELEMENTARY 
PHYSICAL CHEMISTRY 
10th Revised Edition, 1956 


By SANTI R. PALIT, D.Sc., F.R.I.C., F.N.I1. 
Prof. of Physical Chemistry, Indian 
Association for the Cultivation of Science 
Calcutta 


The book has been thoroughly revised and 
made up to date. It meets the requirements 
of Pass B.Sc. students of Indian and 
Pakistan Universities. Rs. 6-50 


IN TERMEDIATE CALCULUS 


By K. C. BASAK, B.A. (Cantab.) 
Director of Economic Research 
Indian Central Jute Committee 

Lucid treatment, numerous worked out 
examples, covers all-India syllabus 
Rs. 2-50 


INORGANIC CHEMISTRY 


By P. RAY, M.A., F.N.I. 
Formerly Palit Prof. of Chemistry 
University College of Science, Calcutta 


An authoritative text on the subject 
covering the B.Sc. syllabuses of Indian and 
Pakistan Universities. The book is expected 
to excel all other publications and remove 
a long-felt want. Rs, 11 


CO. (PRIVATE) LTD. 
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‘SPECTROSCOPIC EQUIPMENT | 


AND 
ACCESSORIES 


FOR 
QUANTITATIVE ANALYSIS & RESEARCH WORK 


Light sources like Arc Lamps with uni- 
versal movements, precision slits, mount- 
ings for spectrographs, cameras, micro- 
photometers, etc., etc. 


Entirely Our Manufacture 


For full particulars, please write to 
THE GENERAL 
ENGINEERING AND SCIENTIFIC CO. 


WALTAIR, VISAKHAPATNAM-3 
(S. INDIA) 
Grams: * ELECTRONIC” 
Technical Adviser : 
Dr. |. RAMAKRISHNA RAO 
M.A., Ph.D. (Cal.), D.Sc. (Lond.) 


Balances for...... 


| We offer our services for G.R. quality acids 


with guaranteed test report as follows :— 


Acid Sulphuric, A.R. S.G. 1°84 


Resistant Glass 


Non-Volatile matter 
Nitrate 
Chloride 


Arsenic 
lron 


Heavy Metal (as Pb) 


0-0025° 
0-0003°%/ 
0-0003°/ 
0-00007% 
0-0001% 
0-0002°% 


~ Ammonium Hydroxide, A.R. S.G. 91-2 


Container Glass 


Non-Volatile matter 
Oxygen absorbed 


Chloride 


Sulphide 

Sulphate 
Carbonate 

lron 

Tarry matter 
Arsenic 

Heavy Metal (as Pb) 


0-002% 
0-0008% 
0-0001% 
Passes Test 


Passes Test 
0-000005% 
0-00002% 


LUCKY ACID & CHEMICAL WORKS 
32/2, Muraripukur Road, CALCUTTA-4 


SCHOOLS, COLLEGES, INDUSTRIAL LABORATORIES, 


Catalogues sent on request 


Manufactured by: 


SCIENTIFIC INDUSTRIES (India) 


34, Lane, SALKIA (Howrah) 


| 
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| || 
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| .. 00003% | 
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MA DE IN INDIA 
HIGH VACUUM 
ROTARY PUMP 


SINGLE STAGE & TWO STAGE 


Suitable for laboratory use end similar perform- 
ance to those made in Germany, England and 
U.S.A. 


Ali Indian materials and construction 


BASIC & SYNTHETIC CHEMICALS, 
PRIVATE LTD. 
P.O. Jadavpur College, CALCUTTA 32 


Articles made of Pyrex Glass are our Speciality 


15-B, NALIN SARKER STREET, CALCUTTA 4 
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PORCELAIN-WARES 


DEPENDAGLE — OURABLE 


cae MEGHNA 


INDUSTRIES PRIVATE LIMITED 


22, CANNING ST.,CALCUTTA-!1 


ONE TO FOUR DIALS 


RANGE OHM 1 TO OHMS 111710 
MINALPHA COILS: ACCURACY 0-1% 


i 
Made by: 


THE STANDARD SCIENTIFIC 
INSTRUMENTS CO. 
115, BRODIES ROAD, MADRAS 28 


— 
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(RESEARCH INSTRUMENTS Mrc. Co.) 2 
| ill | 
= 
i} 
| B 
Phe 
| 


INCUBATOR (Bacteriological) 


TEMPO INDUSTRIAL CORPORATION 
(PRIVATE) LTD. 
Sonari Road, Paranjpe “B’ Scheme, BOMBAY-24 


ZOOLOGICAL SPECIMENS 
AND 
BIOLOGICAL REQUIREMENTS 
OF THE 


LABORATORIES 
AND 


INSTITUTIONS 


Consult: 


Bombay Biological House 
Dealers in Zoological Specimens 
119, Hindu Colony, Dadar, Bombay 14 


Established 1941 
Gram: PHERETIMA 


—RELIABLE HOUSE FOR— 


LABORATORY GLASSWARES 
(Plain and Graduated) 


@ THERMOMETERS & HYDROMETERS 
(Various ranges) 


* LABORATORY PORCELAIN WARES & 
SILICA WARES 


* NICKEL AND PLATINUM WARES 

WHATMAN FILTER PAPERS 

INCUBATORS & OVENS—WATER- 
BATHS & HOT PLATES—WATER 
STILLS—STIRRERS & SUCH OTHER 
INSTRUMENTS & APPLIANCES. 


: Contact: 
UNIQUE TRADING CORPN. 
221, Sheriff Devji Street 
BOMBAY 3 


BOROSIL 


LABORATORY GLASSWARE 


such as 


FLASKS, BEAKERS, CONDENSERS, 

MEASURING FLASKS, MEASURING 

CYLINDERS, PIPETTES & ANY 

SPECIAL APPARATUS MADE TO 
DESIGN 


and 


PENICILLIN VIALS, VACCINE BULBS— 
WHITE & AMBER 


ALL OTHER APPARATUS & EQUIPMENT 
MANUFACTURED TO CLIENT'S DESIGN 


INDUSTRIAL & ENGINEERING 


APPARATUS CO. (PRIVATE) LTD. 
CHOTANI ESTATES, PROCTOR ROAD 
GRANT ROAD, BOMBAY 7 
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LABORATORY 


GLASS APPARATUS | Really Dependable Balance for Degree 


Classes and Research Laboratories 


Sensitiveness -.  1/10th mg. 
Capacity .. .. 200 9m. 


Fitted on §” thick glass base Price: Rs. 325/- 
Catalogue on Request 
Manufactured by : 


Keroy (Private) Ltd. 


BANARAS CANTT. 23 CALCUTTA 10 
"Calcutta Telephone No. is 24-3840" 


Sole Selling Agents: 


ra | GHARPURE & CO. | 
<i | P-36, ROYAL EXCHANGE PLACE EXTN. 

| CALCUTTA 1 

i Gram: “ MEENAMO” Phone: 22-2061 


MOST RELIABLE INDIGENOUS SUBSTITUTES OF 
GUARANTEED ANALYTICAL REAGENTS 
MAY BE FOUND IN 


OSTER 
ANALYTICAL REAGENTS 


* ACID HYDROCHLORIC 
* AMMONIUM HYDROXIDE 
* ACID NITRIC 
* ACID SULPHURIC 
* LABORATORY CHEMICALS 


Manufacturers and Dealers in 
SCIENTIFIC GLASS APPARATUS AND 
EQUIPMENTS 
232 B, UPPER CIRCULAR ROAD 

CALCUTTA-4 


| FACTORY : 58-1566 


Gram, ASCINCORP PHONE i 


225, Bagmari Road, CALCUTTA-11 
TELEPHONE: 35-2052 


| 
| 
| | Short Beam 
| | No. K1 
| 
| | 
Zz | | 
| | | | 
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| | | | Sn || 
|| 
| Works (Private) Ltd. | 
| | Associated Scientific Corporation 
Regd. Office: 
| 788, Manicktala Street, CALCUTTA-6 
| Works: | 
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BAUSCH & LOMB 


Speed Matic 
MICRO-PROJECTOR 


: 


With Electronic Feed Illuminator, Pre-aligned Optical System, 
practical magnification range from 30 x to 3000 x ata projection distance 
of 12 feet, and sharply resolved true-colour images, the SpeedMatic 
represents the most nearly aufomatic Micro-Projector ever designed. 


Manufactured by 
BAUSCH & LOMB OPTICAL CO., U.S.A. 


Sole Agents 


MARTIN & HARRIS (PRIVATE). LTD. 


(SCIENTIFIC DEPARTMENT) 
SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1. 
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SEIFERT INDUSTRIAL X-RAY APPARATUS 
ISOVOLT 400 


The exacting demands for efficiency which are made today notably in the 
construction of Pressure Vessels and Boilers call for the best methods of testing to 
ensure safety. Amongst these, non-desiructive testing by radiography occupies a 
leading position. 

With the increase in thickness of materials especially in the construction of 
boilers, the demand for industrial X-ray equipment of the highest possible output hes 
grown more and more insistent. 


“ISOVOLT 400 “ is an industrial X-ray apparatus of ihe mos! modern design 
giving continuous constant potential at an output of 400 kilovolts and 10 milliamperes. 
It is designed on the unit construction principle as indeed are all the world-famous 
Seifert equipments. Thus it is possible to employ “!ISOVOLT 400% not only in the 
laboratory but also on site work. 


“ISOVOLT 400% when used with calcium tungstate screens can produce 
radiographs of steel 6” (150 mm.) thick, 


Please write for further details to: 


THE SOLE DISTRIBUTORS 


THE SCIENTIFIC INSTRUMENT COMPANY LID. 


ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI 


THE BANGALORE PRES 
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